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SUMMARY 


The  Grand  River  basin  has  two  types  of  climate.  The  eastern 
portion  of  the  Basin  has  a climate  that  alternates  between  conti- 
nental and  semi-marine.  The  marine  type  is  predominant  in  t he 
western  portion  of  the  Basin.  The  marine  type  is  due  to  the  in- 
fluence of  Lake  Michigan,  the  degree  and  extent  of  which  are 
determined  by  the  force,  direction,  and  physical  properties  of  thu 
wind.  The  Basin  has  an  average  annual  precipitation  of  over  3i 
inches,  with  a fairly  uniform  distribution  throughout  the  year. 
Average  annual  snowfall  amounts  range  from  about  35  inches  in  the 
eastern  portion  of  the  Basin  to  over  60  inches  in  the  western  por- 
tion of  the  Basin,  with  the  Basin  average  just  over  45  inches.  The 
average  annual  temperature  is  48°,  with  the  maximum  monthly  average 
of  72°  in  July  and  the  minimum  monthly  average  of  23°  in  January. 

The  average  growing  season  extends  from  the  first  week  in  May  to  the 
first  week  in  October.  The  prevailing  winds  are  from  the  southwest 
at  about  10  MPH.  On  the  average  during  each  year,  the  percent  pos- 
sible sunshine  is  about  50  percent  with  considerauly  more  cloudy 
days  observed  in  the  western  section  of  the  Basin.  /verage  annual 
relative  humidity  varies  from  60  percent  during  the  afternoon  hours 
to  BO  percent  during  the  early  morning  hours.  Detailed  information 
and  data  concerning  these  climatological  phenomena  are  described  in 
this  appendix  and  are  illustrated  in  the  tables  and  on  the  plates 
and  figures. 
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SECTION  I 
INTRODUCTION 


1.  SCOPE 


Climate  may  be  defined  as  a summary  of  ail  the  weather  that 
a specified  area  has  experienced  from  day  to  day  over  an  extended 
period  of  years.  Climate  can  also  be  defined  as  a measure  of  aver- 
age weather  conditions  that  have  existed  for  a specified  area. 

Broadening  the  scope  of  climatic  conditions  to  several  observation 
points  provides  for  the  development  of  a general  climatic  summary 
for  large  areas.  The  climate  of  the  Grand  River  basin  was  deter- 
mined in  this  manner.  Climatological  data  and  their  sources  for 
the  Basin  are  presented  in  this  appendix. 

2.  NEED  FOR  CLIMATOLOGICAL  DATA 

Optimum  utilization  of  water  resources  within  the /Basin 
requires  a thorough  knowledge  of  the  Basin's  climate  with  particular 
regard  to  its  effect  on  floods,  droughts,  and  availability  of  water. 7/'  //'Hi 

EvaluatyJS^^  < pt  the  potential  utilization  of  water  resources  for  the 
Basin  made  from  climatological  data.^ 

SECTION  II 

MAJOR  CLIMATE  CONTROLS 


3.  EFFECTS  OF  LATITUDE 

The  Basin  is  located  between  the  42°  00'  and  43°  35'  latitudes. 
These  latitudes  are  the  predominant  factor  in  determining  climatic 
conditions  within  the  Basin  (1).  The  most  noteworthy  latitude  in- 
fluences are  on  the  Basin's  precipitation,  temperature,  and  wind 
movement.  The  Basin  is  located  between  the  source  regions  of  con- 
trasting bodies  of  polar  and  tropical  air.  Large  bodies  of  air  are 
technically  referred  to  as  air  masses.  Interactions  of  these  air 
masses  create  rapidly  changing  and  complex  weather  patterns.  Frontal 
storms  develop  from  the  interactions  of  these  contrasting  air  masses. 
The  term  front  refers  to  a zone  of  convergence  between  two  contrasting 
air  masses.  Temperatures  are  affected  by  the  latitude  and  the  angle 
of  incidence  of  solar  radiation.  Solar  radiation  intensity  is  greatest 
when  the  angle  is  normal  to  the  earth's  surface.  Surface  temperatures 
experienced  in  the  Basin  often  develop  unstable  atmospheric  conditions 
that  produce  convective- type  storms  during  the  summer  months.  The 
Basin  is  located  in  the  latitudes  where  prevailing  winds  are  often 
from  the  southwest.  These  climatic  conditions  are  discussed  in  detail 
in  subsequent  paragraphs. 


(1)  The  number  inserted  between  the  parenthesis  refers  to  the 
bibliography  at  the  end  of  the  paper.  A particular  page  is  referenced 
by  a diagonal,  eg.,  (1/12). 
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4. 


EFFECTS  OF  THE  GREAT  LAKES 


The  Great  Lakes  operate  as  a modifier  on  practically  all 
components  of  climate.  Similar  ranges  of  summer  and  winter  tem- 
peratures are  generally  experienced  by  areas  of  the  same  general 
latitude;  however,  the  Great  Lakes  modify  these  conditions  to  a 
cooler  summer  and  milder  winter  within  the  Basin.  The  extent  of 
this  modification  depends  on  the  force  and  direction  of  the  wind. 
The  modifying  effects  of  the  Great  Lakes  on  various  significant 
climatological  components  within  the  Basin  are  described  in  detail 
in  subsequent  paragraphs. 


SECTION  III 

HYDROCLIMATIC  DATA  GATHERING 
5.  NUMBER  AND  TYPE  OF  STATIONS 


Climatological  records  have  been  compiled  within  the  Basin 
by  the  U.  S.  Weathei  Bureau  since  1864  at  Lansing.  Record  dates 
for  all  U.  S.  Weather  Bureau  stations  within  the  Basin  are  from 
the  station's  beginning  up  to,  and  including,  December  1964  un- 
less otherwise  noted.  The  U.  S.  Weather  Bureau  presently  is 
engaged,  or  cooperates,  in  collecting  weather  data  at  20  locations 
within  the  Basin  (2).  In  addition,  there  are  10  weather  collecting 
stations  located  within  15  miles  ot  the  Basin's  boundaries  (2). 
Locations  of  stations  within  the  Basin  are  shown  on  plate  C- 1 . 

Each  of  the  20  stations  located  within  the  Basin  records  daily  pre- 
cipitation rates  (2).  Seven  of  these  stations  are  equipped  with 
continuous  recording  instruments  which  provide  hourly  records  (3). 
Fourteen  stations  within  the  Basin  record  daily  snowfall,  snow- 
depth,  and  monthly  snowfall  amounts.  Records  for  these  fourteen 
stations  are  published  (2).  Daily  snowfall  amounts  and  snowdepths 
are  published  for  four  of  these  stations  (2).  Recorded  daily  snow- 
fall amounts  and  snowdepths  for  the  remaining  10  stations  can  be 
obtained  from  the  Weather  Bureau  at  Lansing,  Michigan,  or  the 
National  Weather  Records  Center  at  Asheville,  North  Carolina.  In 
addition,  water  equivalents  of  snow  cover  are  measured  daily  at 
Lansing  and  Grand  Rapids,  Michigan,  and  published  monthly  (2). 

Daily  maximum  and  minimum  temperatures  are  recorded  at  10  sites 
within  the  Basin  (2).  Prior  to  1948,  stations  that  recorded  pre- 
cipitation and  temperature  also  recorded  prevailing  wind  direction 
and  cloudiness  (2).  Cloudiness,  humidity,  and  wind  data  are  pres- 
ently published  only  for  Grand  Rapids  (4)  and  Lansing  (5).  These 
data  are  also  collected  at  Jackson  and  are  available  from  the 
National  Weather  Records  Center  at  Asheville,  North  Carolina,  and 
Jackson.  The  climatological  data  collected  at  stations  within  and 
near  the  Grand  River  basin  are  presented  in  table  C-l. 

6.  U.  S.  WEATHER  BUREAU  PUBLICATIONS 


Weather  data  described  in  the  preceding  paragraphs  for  stations 
within  and  near  the  Basin  are  presented  in  various  U.  S.  Weather 
Bureau  publications.  Daily  precipitation,  maximum  and  minimum 
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temperatures,  snowfall  amounts,  snowdepths,  and  water  equivalents 
of  snow  cover  are  presently  published  in  monthly  "Ci imatological 
Data"  for  Michigan  (2).  Monthly  precipitation,  mean,  maximum, 
minimum,  and  normal  temperatures,  and  freeze  data  are  presented  in 
the  annual  "Climatological  Data"  for  Michigan  (6).  A "Local 
Climatological  Summary"  with  comparative  data  is  also  published  for 
both  the  Grand  Rapids  (4)  and  Lansing  (5)  stations.  Data  include 
normals,  means,  and  extremes  for  precipitation,  temperatures,  wind 
velocity  and  direction,  and  cloudiness  and  humidity.  Means  and  ex- 
tremes of  precipitation  and  temperatures  are  also  published  in 
"Climate  of  Michigan  by  Stations"  (7)  and  in  "Climatic  Summary  of 
the  United  States  - Michigan"  (8),  which  are  supplements  covering 
the  period  from  the  establishment  of  stations  to  the  year  1930  and 
the  years  1931  to  1952;  and  1953  to  1960,  inclusive.  Hourly  precip- 
itation data  have  been  published  in  "Hourly  Precipitation  Data"  for 
Michigan  from  1951  to  the  present  (3).  From  1948  to  1951,  hourly 
rates  were  published  in  monthly  "Climatological  Data"  (2).  From 
1940  to  1948,  hourly  rainfall  rates  were  recorded  in  "Daily  and 
Hourly  Precipitation  for  Region  3 - Ohio  River"  (9).  Prior  to  1940, 
hourly  precipitation  rates  were  recorded  at  only  Grand  Rapids  and 
Lansing  and  at  Grand  Haven  to  1932.  Published  records  for  these 
years  are  available  from  the  individual  stations.  Daily  snowfall 
amounts  for  Lansing  and  Grand  Rapids  were  first  published  in  the 
monthly  publication  "Climatological  Data  - November  1943"  (2).  Daily 
snowfall  and  snowdepths  for  Grand  Rapids,  Jackson,  Lansing,  and 
St.  Johns  have  been  published  since  1949  in  monthly  "Climatological 
Data"  (2).  In  addition,  water  equivalents  of  snow  depth  for  Grand 
Rapids  and  Lansing  have  been  published  from  1952  to  the  present  in 
monthly  "Climatological  Data"  (2).  Annual  season  snowfall  amounts 
have  been  published  in  June  editions  of  "Climatological  Data"  (2) 
since  1950.  Annual  snowfall  amounts  were  not  published  from  1948  to 
1950.  In  addition,  average  annual  snow  depths  for  stations  within 
the  Basin  for  the  period  1931  to  1960  are  reported  in  "Michigan  Snow 
Depths"  (10).  The  U.  S.  Weather  Bureau  has  also  published  monthly 
"Storm  Data"  for  Michigan  from  1959  to  the  present  (11).  Information 
contained  in  this  publication  describes  in  general  the  types  of  storms 
and  damages  resulting  from  the  storms.  Prior  to  1959,  storm  data 
were  presented  in  monthly  "Climatological  Data"  (2).  The  detail  in 
description  of  storms  was  dependent  on  the  severity  of  the  storm. 

SECTION  IV 
PRECIPITATION 

7.  MEAN  ANNUAL  PRECIPITATION 

The  Basin  averages  31.43  inches  of  precipitation  annually.  For 
stations  with  at  least  50  years  of  record,  the  maximum  mean  annual 
precipitation  is  33.46  inches,  recorded  at  Grand  Rapids,  while  the 
minimum  mean  annual  rainfall  is  29.73  inches,  recorded  at  Charlotte. 

An  isohyetal  map  showing  the  distribution  of  mean  annual  precipita- 
tion is  presented  on  plate  C-2.  The  greater  mean  annual  precipita- 
tion amounts  for  the  western  portion  of  the  Basin  is  explained  by 
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its  close  proximity  to  Lake  Michigan.  Air  masses  in  the  section 
of  the  state  carry  considerably  more  moisture  from  Lake  Michigan 
than  do  the  interior  land  air  masses.  The  maximum  annual  precipi- 
tation that  has  occurred  in  the  entire  Basin  is  52.14  inches 
recorded  at  Grand  Rapids  in  18u3.  The  minimum  annual  rainfall  that 
has  been  experienced  in  the  whole  Basin  is  18.50  inches  recorded 
at  Lansing  in  1930.  Average  annual  precipitation  data  from  1920 
to  1963  for  the  entire  Basin  are  shown  in  figure  C-l.  The  greatest 
average  annual  precipitation  for  the  whole  Basin  since  1920  is 
38.05  inches,  computed  in  1942  in  which  the  maximum  rainfall  of 
42.71  was  recorded  at  Hastings,  and  the  minimum  precipitation  of 
31.81  inches  was  recorded  at  Greenville.  An  isohyetal  map  of  the 
maximum  average  annual  precipitation  is  shown  on  plate  C-3.  The 
minimum  average  annual  rainfall  for  the  entire  Basin  since  1920  of 
20.55  inches  was  computed  in  1930.  The  maximum  precipitation  for 
1930  of  22.77  inches  was  recorded  at  Lowell,  and  the  minimum  rain- 
fall of  18.50  inches  was  recorded  at  Lansing.  An  isohyetal  map  of 
the  minimum  average  annual  precipitation  for  1930  is  shown  on  plate 
C-4.  Extreme  and  mean  annual  precipitation  amounts  for  stations 
located  within  the  Basin  are  presented  in  table  C-2. 


TABLh  <-? 

(RAND  RIVER  BASIN,  M I CHI  (.AN 
MEAN  AND  EXTREME  ANNUAL  - MONTHLY  PRECIPITATION 
U.  S.  WEATHER  BUREAU  STATIONS 


r 


computed  from  record  date  to  1964 
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MONTHLY  DISTRIBUTION  OF  PRECIPITATION 


Rainfall  distribution  is  fairly  uniform  throughout  the  year 
within  the  Basin.  The  average  maximum  monthly  rainfall  is  3.37  in- 
ches in  June,  and  the  average  minimum  monthly  precipitation  is 
1.73  inches  in  February.  About  sixty  percent  of  the  annual  precip- 
itation occurs  in  the  spring  and  summer  mouths  of  April  thru 
September.  The  greatest  variation  from  the  mean  monthly  precipita- 
tion of  3.11  inches  for  this  six-month  period  is  only  0.30  inches, 
and  the  greatest  variation  from  the  mean  monthly  precipitation  ol 
2.11  inches  for  the  fall-winter  months  is  0.3b  inches.  The  great- 
est monthly  rainfall  within  the  Basin  of  13.22  inches  was  recorded 
at  Grand  Rapids  in  June  1BB3,  while  the  minimum  monthly  precipita- 
tion of  0.00  inches  has  been  recorded  at  Charlotte,  Grand  Haven  and 
Lansing  at  various  times.  Extreme  and  mean  monthly  precipitation 
for  stations  located  within  the  Basin  are  presented  in  table  C-2. 
Isohyetal  maps  of  the  monthly  distribution  of  precipitation  are 
shown  on  plates  C-5  and  C-6.  The  western  portion  of  the  Basin  re- 
ceives more  precipitation  during  the  winter  months  than  the 
eastern  portion  of  the  Basin,  while  the  converse  is  true  during 
the  summer  months.  This  is  explained  by  the  modifying  effects  of 
Lake  Michigan.  During  the  winter  months,  air  masses  moving  over 
the  relatively  warm  Lake  Michigan  waters  pick  up  additional  mois- 
ture and  at  the  same  time  become  more  unstable  by  heating  from  the 
lake.  As  a result,  the  amount  and  frequency  of  precipitation  are 
greater  for  this  area.  In  the  summer  months,  the  stabilizing  ef- 
fect of  the  relatively  cool  Lake  Michigan  waters  on  passing  air 
masses  reduces  the  amount  of  precipitation  for  the  western  portion 
of  the  Basin. 

9 . DIURNAL  AND  HOURLY  DISTRIBUTION  OF  PRECIPITATION 

Daily  rainfall  amounts  in  excess  of  3 inches  have  been  recorded 
at  each  station  within  the  Basin.  The  maximum  24-hour  rainfall 
within  the  3asin  of  5.b9  inches  was  recorded  at  Webberville,  located 
about  16  miles  east  of  Lansing,  5-6  June  1905.  The  maximum  one-hour 
rainfall  within  the  Basin  of  3.20  inches  was  recorded  at  Grand  Haven, 
20  June  1954.  Significantly,  this  rainfall  is  reported  to  have  oc- 
curred in  a 20-minute  period.  Such  high  rainfall  intensity  rates 
are  usually  a result  of  thunderstorm  activity.  Maximum  hourly  and 
daily  precipitation  rates  for  stations  within  the  Basin  are  pre- 
sented in  table  C-3. 
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SNOWFALL 


The  average  annual  snowfall  computed  for  the  entire  Basin  is 
45.2  inches.  The  maximum  average  snowfall  is  60.3  inches  at  Grand 
Haven  and  the  minimum  average  snowfall  is  35.1  inches  at  Charlotte. 

An  isohyetai  map  of  mean  annual  snowfall  distribution  is  presented 
on  plate  C- 7 . About  85  percent  of  the  annual  snowfall  occurs  from 
December  thru  March,  with  a maximum  average  of  11.7  inches  in 
January.  The  maximum  seasonal  snowfall  in  the  Basin  of  132.0  inches 
was  recorded  at  Grand  Rapids  during  the  1951-1952  winter  season.  The 
minimum  seasonal  snowfall  occurred  at  Jackson  in  1952-1953  when  14.6 
inches  were  recorded.  Extreme  and  mean  annual  and  monthly  snowfall 
amounts  for  stations  located  within  the  Basin  are  presented  in  table 
C-4.  An  isohyetai  map  showing  the  average  monthly  distribution  of 
snowfall  is  presented  as  plate  C-8.  The  maximum  24-hour  snowfall 
rate  of  18.1  inches  was  recorded  at  Lansing,  in  November  1921.  Maxi- 
mum daily  snowfall  amounts  recorded  within  the  Basin  are  presented  in 
table  C-5.  Maximum  recorded  snow  depths  for  the  period  of  1931  thru 
1964  range  from  20  inches  in  the  extreme  eastern  portion  of  the  Basin 
to  50  inches  in  the  extreme  western  section  of  the  Basin  (10).  The 
U.  S.  Weather  Bureau  (12)  has  developed  the  frequency  of  maximum  water 
equivalents  of  snowfall  for  Grand  Rapids  and  Lansing  during  the  first 
and  last  two  weeks  of  March.  These  relationships  are  shown  on  figures 
C-2  and  C-3,  respectively.  The  Michigan  Department  of  Agriculture  has 
developed  and  published  in  "Michigan  Snowfall  Statistics;  First  1- , 

3-,  6-,  12-Inch  Depths"  (30),  maps  of  the  Mean  Dates  of  First  3-,  6-, 
and  12-Inch  snow  depths  in  Michigan.  The  parts  of  these  maps  appli- 
cable to  the  Basin  are  reproduced  in  Figure  C-10.  Tables  of  probability 
of  first  snow  occurrence  (30)  have  been  reproduced  in  table  C-6. 
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Table  C-5 


March  1967 


GRAND  RIVER  BASIN,  MICHIGAN 
MAXIMUM  RECORDED  SNOWFALL  AMOUNTS 
U.S.  WEATHER  BUREAU  STATIONS 


Durations,  Snowfall  Amounts,  and  Dates 


Station 

Record 

Date 

1 -Day 
Inches 

Date 

2 -Day 
Inches 

Date 

3 -Day 
Inches 

Date 

Date 

I 4-Day 
Inches 

Date 

Char lotte 

1932 

9.0 

Feb 

. 48 

- 

- 

- 

- 

- 

- 

Grand  Rapids 

1943 

12.0(1)16 

Apr 

61 

15.5 

Jan 

63 

22.4 

Dec 

51 

22.4 

Dec 

51 

Greenville 

1932 

11.0 

Mar 

40 

- 

- 

- 

- 

- 

- 

Hastings 

1930 

9.5 

Mar 

42 

- 

- 

- 

- 

- 

- 

Ionia 

1940 

10.0 

Mar 

42 

- 

- 

- 

- 

- 

- 

Jackson 

1949 

10.0  23 

Mar 

56 

11.6 

Jan 

57 

11.9 

Jan 

5 7 

12.4 

Jan 

57 

Lansing 

1943 

11.0(2)  6 

Nov 

51 

12.7 

Nov 

51 

12.8 

Nov 

51 

12.8 

Nov 

51 

St . Johns 

1949 

10.0  7 

Nov 

51 

11.9 

Nov 

51 

11.9 

Nov 

51 

12.8 

Nov 

51 

(1) 

(2) 


Maximum  Recorded  24-Hour 
Maximum  Recorded  24-Hour 


Snowfall^  14 .0  inches 
Snowfall,  18 . 1 inches 
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TABLE  06 

GRAND  RIVER  BASIN,  MICHIGAN 
PROBABILITY  OF  SELECTED  SNOW  DEPTHS 
U.  S.  WEATHER  BUREAU  STATIONS 


Weather 

Years 

Snow 

Percent  Probability 

of  First 

Occurrence 

of 

Station 

Record 

Depth 

the  Snow 

Depth 

on  or 

Before 

the  Indicated  Date 

Inches 

E 

57. 

107. 

307. 

70% 

907. 

Alma 

68 

1 

Nov. 

28 

Nov . 

1 

Nov. 

7 

Nov . 

20 

Dec. 

6 

Dec . 

19 

3 

Dec . 

13 

Nov . 

5 

Nov . 

14 

Dec . 

1 

Dec . 

25 

Jan. 

tl 

6 

Dec . 

27 

Nov. 

19 

Nov . 

28 

Dec . 

lb 

Jan. 

21 

12 

Jan. 

27 

Jan. 

2 

Jan. 

12 

Jan. 

17 

Charlotte 

45 

1 

Nov. 

30 

Nov . 

5 

Nov . 

11 

Nov. 

22 

Dec . 

8 

Dec . 

19 

3 

Dec . 

17 

Nov . 

9 

Nov . 

lb 

Dec . 

5 

Dec. 

30 

Jan. 

ib 

6 

Jan. 

b 

Nov . 

21 

Dec . 

3 

Dec . 

28 

Feb. 

8 

12 

Jan. 

24 

Jan. 

5 

Jan. 

17 

Grand 

33 

1 

Nov. 

25 

Oct. 

31 

Nov. 

6 

Nov. 

17 

Dec. 

3 

Dec. 

14 

Haven 

3 

Dec . 

5 

Nov . 

11 

Nov . 

17 

Nov . 

27 

Dec . 

13 

Dec . 

23 

6 

Dec. 

14 

Nov. 

13 

Nov. 

20 

Dec. 

4 

Dec . 

27 

Jan. 

1 6 

12 

Jan. 

4 

Dec . 

4 

Dec . 

13 

Jan. 

2 

Grand 

64 

1 

Nov. 

23 

Oct. 

28 

Nov . 

3 

Nov . 

15 

Dec. 

1 

Dec. 

13 

Rapids 

3 

Dec . 

6 

Oct. 

30 

Nov. 

6 

Nov. 

24 

Dec . 

18 

Jan . 

5 

6 

Dec. 

31 

Nov . 

12 

Nov. 

23 

Jan. 

22 

Mar . 

2 

12 

Jan. 

15 

Dec. 

12 

Dec . 

27 

Feb. 

9 

Greenville 

49 

1 

Nov. 

29 

Oct . 

29 

Nov. 

5 

Nov . 

19 

Dec . 

9 

Dec . 

23 

3 

Dec. 

13 

Nov . 

5 

Nov . 

14 

Dec . 

1 

Dec . 

25 

Jan . 

il 

6 

Jan. 

3 

Nov. 

22 

Dec. 

3 

Dec . 

24 

Jan. 

29 

12 

Jan. 

19 

Dec . 

17 

Dec . 

30 

Jan. 

3 

Hastings 

66 

1 

Nov . 

23 

Oct. 

30 

Nov . 

5 

Nov . 

16 

Nov . 

30 

Dec . 

11 

3 

Dec . 

11 

Oct . 

31 

Nov. 

8 

Nov. 

28 

Dec . 

24 

Jan. 

13 

6 

Jan. 

6 

Nov . 

19 

Nov . 

30 

Dec . 

26 

Feb. 

5 

12 

Jan. 

17 

Dec . 

26 

Jan. 

10 

Howell 

60 

1 

Nov. 

30 

Nov. 

2 

Nov . 

b 

Nov. 

21 

Dec . 

9 

Dec . 

22 

3 

Dec . 

16 

Nov. 

3 

Nov. 

12 

Dec. 

2 

Dec . 

30 

Jan . 

19 

6 

Jan. 

8 

Nov . 

20 

Dec . 

2 

Dec. 

28 

Feb. 

9 

12 

Jan. 

20 

Dec. 

23 

Jan. 

13 

Ionia 

27 

1 

Nov. 

29 

Nov. 

3 

Nov. 

9 

Nov. 

21 

Dec. 

7 

Dec. 

19 

3 

Dec . 

13 

Nov . 

9 

Nov. 

16 

Dec. 

2 

Dec. 

24 

Jan. 

9 

6 

Jan. 

12 

Nov . 

23 

Dec . 

5 

Dec. 

31 

Feb. 

10 

12 

Jan. 

13 

Dec . 

18 

Jan . 

4 

t is  the  mean  date  for  each  desired  snow  depth. 
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TABLE  C-6  (Cont'd) 
GKANO  RIVER  BASIN,  MICHIGAN 
PROBABILITY  OF  SELECTED  SNOW  DEPTHS 
U.  S.  WEATHER  BUREAU  STATIONS 


Weather 

Years 

Snow 

Percent 

Probability 

of  First 

Occurrence 

of 

S tat  ion 

Record 

Depth 

the  Snow 

Depth 

on  or 

Before 

the  Indicated  Date 

Inches 

t 

57. 

107. 

307. 

707. 

907. 

J ackson 

05 

1 

Nov . 

26 

Nov. 

2 

Nov . 

9 

Nov. 

19 

Dec. 

3 

Dec . 

13 

3 

Dec. 

lb 

Nov. 

4 

Nov . 

14 

Dec. 

4 

Jan. 

2 

Jan. 

25 

6 

Jan, 

12 

Nov. 

21 

Dec. 

4 

Jan. 

2 

Feb. 

24 

12 

Feb. 

3 

Jan. 

17 

Jan. 

30 

Lans ing 

1 

Nov. 

25 

Nov . 

1 

Nov. 

6 

Nov. 

17 

Dec. 

3 

Dec. 

14 

3 

Dec . 

12 

Nov . 

9 

Nov. 

16 

Dec . 

1 

Dec . 

23 

Jan. 

7 

6 

Jan. 

4 

Nov . 

12 

Nov . 

24 

Dec . 

20 

Jan. 

27 

Mar . 

6 

12 

Jan. 

17 

Dec. 

22 

Jan. 

10 

Owosso 

1 

Nov. 

30 

Oct . 

29 

Nov . 

5 

Nov . 

20 

Dec . 

10 

Dec . 

25 

3 

Dec . 

19 

Nov . 

9 

Nov. 

lb 

Dec . 

6 

Jan. 

2 

Jan. 

22 

6 

Jan. 

b 

Nov. 

17 

Nov . 

29 

Dec . 

25 

Feb. 

4 

12 

Feb. 

2 

Jan . 

5 

Jan. 

20 

Mar . 

26 

St.  Johns 

27 

1 

Dec . 

2 

Nov. 

4 

Nov. 

11 

Nov. 

23 

Dec . 

11 

Dec . 

23 

3 

Dec. 

19 

Nov . 

10 

Nov. 

16 

Dec . 

6 

Jan. 

1 

Jan. 

19 

6 

Jan. 

5 

Nov. 

15 

Nov. 

28 

Dec. 

24 

Feb. 

4 

12 

Jan. 

22 

Dec . 

24 

Jan. 

11 

t is  the  mean  date  for  each  desired  snow  depth. 
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TABLE  C-7 

GRAND  RIVER  BASIN,  MICHIGAN 

| CALCULATED  HAIL  DAYS  IN  AN  AVERAGE 

20- YEAR  PERIOD  IN  AND  AROUND  BASIN 
U.  S.  WEATHER  BUREAU  STATIONS 

Years  ol 
Weather  Hail 


Station 

Record 

Jan 

E'eb 

Mar 

Apr 

Ma  y 

.1  un 

J u 1 

Aug 

Sep 

Oct 

Nov 

Dec 

Annual 

<\  Lma 

IS 

0 

1 + 

9+ 

14+ 

5-t 

4 

3+ 

3 

2 

4 

1 

0 

46 

Charlotte 

22 

0 

2- 

5- 

6+ 

5- 

4- 

2 

6+ 

5- 

9 

3 

0 

47 

Grand  Haven 

57 

0 

1 

o- 

7 + 

b- 

3- 

3 

2 

3 

6- 

5 

* 

40 

Grand  Rapids 

62 

* 

1- 

5 

7 

8 

5 

5- 

2 

3 

4 

2 

* 

42 

Hast ings 

31 

0 

2 

7+ 

9- 

5- 

7 

3- 

3 

1+ 

3- 

3- 

1 

44 

Hil  lsdale 

23 

* 

2- 

4 

9-  10+ 

8- 

2- 

3+ 

2- 

5 

2 

1- 

48 

Lansing 

5 b 

0 

2 

5+ 

8 

6 

4- 

3- 

3- 

1 

2+ 

1 

* 

35 

Muskegon 

26 

1- 

I- 

5- 

8+ 

3 

5- 

4- 

1- 

4- 

2- 

2 

1+ 

37 

Newaygo 

20 

2 

2 

9 

11 

4 

o 

3 

3 

1 

t 

4 

1 

54 

11. 


HAIL 


The  formation  of  hail  occurs  from  the  rapid  cooling  of  rising 
warm  moist  air,  resulting  in  condensation,  freezing,  then  freezing 
in  an  oscillating  process  whereby  the  small  initial  hailstones  col- 
lect additional  water  droplets  until  the  hailstones  become  too  heavy 
and  begin  to  fall.  The  process  continues  until  the  weight  of  the 
hailstone  exceeds  the  uplift  forces  and  the  hailstone  will  fall  to 
earth.  The  occurrence  of  this  phenomenon  is  normally  observed  in 
the  summer  months  of  June,  July  and  August.  The  interaction  of  the 
warm  tropical  air  masses  with  the  cool  polar  air  masses  associated 
with  the  formation  of  hail  is  greatest  during  these  months.  Hail 
storms  are  normally  associated  with  thunderstorm  activity  and  thus 
are  very  local  in  distribution.  U.  S.  Weather  Bureau  (13)  records 
for  the  years  1699-1936  indicate  that  the  Grand  River  basin  expe- 
rienced hail  from  2 to  3 days  per  year.  Further  data  compiled  by 
the  U.  S.  Weather  Bureau  (14)  for  the  years  1910-1943  indicate  that 
the  maximum  number  of  occurrences  of  hail  in  the  Basin  for  a year 
was  six  recorded  at  Lansing  and  Grand  Rapids.  In  1966  the  Illinois 
State  Water  Survey  collected  and  analyzed  historical  hail  records 
from  225  U.  S.  Weather  Bureau  stations  in  Indiana,  Michigan  and 
Illinois,  extending  over  the  1901-1965  period.  The  data  were  ana- 
lyzed to  develop  mean  seasonal  and  annual  patterns  of  hail  for  these 
three  states.  Figure  C-9  presents  the  average  patterns  of  hail  for 
the  three  primary  seasons  of  hail  activity  resulting  from  this  ana- 
lysis. The  number  of  hail  days  in  an  average  20-year  period  that 
have  been  calculated  for  the  Michigan  stations  in  and  around  the 
Grand  River  basin  are  shown  in  table  C-7.  (26) 

12.  NOTABLc  STORMS  OF  THE  BASIN 

The  Grand  River  basin  experiences  two  types  of  storms,  namely, 
the  frontal  type  and  the  air  mass  type.  Frontal-type  storms  develop 
along  the  interaction  zones  of  cold  polar  and  warm  tropical  air  masses. 
Storms  resulting  from  the  interaction  of  air  masses  are  frequently 
characterized  by  uniform  rainfall  of  long  duration  over  large  areas. 

The  severity  of  these  storms  depends  on  the  strength  of  climatic  compo- 
nents of  the  air  masses.  Normally,  rainfall  amounts  are  light  to 
moderate.  This  type  of  storm  occurs  throughout  the  year.  Convective 
air  mass-type  storms  are  normally  characterized  by  very  heavy  rainfall 
amunts  in  short  periods  of  time  over  relatively  small  areas.  Thunder 
and  lightning  are  normally  associated  with  such  storms.  The  Basin  ex- 
periences (15)  about  40  thunderstorms  each  year.  These  storms  develop 
when  quite  humid  air  rises  and  creates  an  unstable  condition  within  the 
air  mass.  As  the  individual  air  parcels  rise,  they  expand  and  cool  be- 
cause of  decreasing  pressure.  The  cooling  ultimately  causes  the  water 
vapor  to  condense.  The  condensation  is  first  characterized  by  a cloud 
formation.  The  process  continues  until  the  cloud  can  no  longer  main- 
tain the  condensed  vapor  and  eventually  releases  it  in  the  form  of 
local  rainfall.  These  storms  normally  occur  during  the  warm  summer 
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months  of  June,  July,  August  and  September . Notable  storms  that 
have  produced  significant  hydrologic  and  hydraulic  conditions 
within  the  Basin  ar*4  described  in  the  following  sub- paragraphs . 

a.  Storm  of  24-2/  March  .vu4.  The  greatest  liood  of  record 
for  the  Grand  River  basin,  that  of  26  March  1V04,  was  the  result  ol 
rapidly  melting  snow  and  light  rainfall.  Bi  ginning  around  Lhe  i.id- 
dle  of  November,  the  winter  season  had  been  continuously  coid  wltn 
heavy  snowfall  amounts,  especially  in  the  eastern  section  of  the 
Basin.  Weberviiie  had  reported  il0.4  inches  of  snowfall  trer  .'iovemoer 
thru  fiarch.  Nearly  all  Lhe  snowfall  remained  on  the  ground  ir.  the 
iorni  ol  ice  and  heavily  packed  snow  until  the  middle  of  March.  i.  - 
peratures  rose  from  the  low  30 ' s to  the  high  j0  ' s during  Lin  : iiun 

of  the  month.  During  24-27  March,  rainiall,  which  averaged  ab  >ot 
0.9  inches  over  the  Basin,  accompanied  the  snow  melt  and  produced 
serious  flooding  conditions.  An  isohyetal  ..mp  of  the  24-27  Karen 
storm  is  presented  on  plate  G- 1 i . I ines  of  equal  depths  of  snow- 
fall are  also  shown  on  plate  C— 11. 

b.  lit  or. i.  oi  j-n  June  IjOj.  Ihi  second  greatest  Basin-vrde 
flood  oi  record,  that  of  9 June  lvU5,  was  pr  duced  uy  tile  maximum 
average  rainfall  recorded  lor  the  Grand  River  basin.  licav^  rains, 
resulting  from  widespread  thunderstorm  activity  on  5-o  June  iy03, 
averaged  about  4.6  inches  over  the  Basin,  with  a maximum  recorded 
precipitation  of  o,12  inches  at  St.  Johns,  and  a minimum  amount  of 
2.53  inches  recorded  at  Grand  Haven.  The  center  ol  the  storm  was 
located  in  the  eastern  portion  of  the  Basin  so  that  nearly  all 
cities  located  along  tile  Grand  River  experienced  serious  tlooding. 

An  isohyetal  map  of  the  o-o  June  storm  is  shown  on  piate  C-10. 

c.  Storm  of  31  August  - 1 September  1314.  The  storm  of 

31  August  - 1 September  1914  produced  the  greatest  24-nour  period 
rainfall  recorded  in  Michigan.  The  storm  was  centered  at  Cooper 
Center,  Michigan,  about  40  miles  south  of  Grand  Rapids.  The  maxi- 
mum rainfall  for  the  24-hour  period  of  11.0  inches  was  recorded  at 
Cooper  Center.  The  storm  was  very  localized  for  only  0.77  inches 
were  recorded  at  Grand  Rapids.  The  Grand  River  basin  received  an 
average  amount  of  about  r.2  inches. 

d.  Storm  of  17-19  August.  1j33.  The  storm,  of  17-19  August 
1939  produced  the  second  greatest  24-hour  rainfall  amount  recordcu 
in  the  Grand  River  basin  when  5.69  inches  fell  at  Hastings  on 

i9  August  1339.  Twenty  miles  to  the  east  at  Charlotte,  or.iy  i . 25 
inches  of  precipitation  were  recorded  ror  the  same  period  of  time. 
Rainfall  was  light  throughout  the  remainder  oi  the  Basin,  with  an 
average  of  about  2.0  inches.  A minimum  precipitation  of  0.34  inches 
was  recorded  at  Jackson.  Runoff  was  light  because  of  the  high 
absorption  capacity  of  the  ground  at  the  time. 
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e . Storm  of  25-29  August  1940.  The  storm  of  25-29  August  1940 
produced  the  second  greatest  average  Grand  River  basin  rainfall  of 
record.  An  average  Basin  rainfall  of  about  4.4  inches  was  computed, 
with  a maximum  recorded  precipitation  of  6.30  inches  at  Charlotte  and 
a minimum  recorded  precipitation  of  2.69  inches  at  Greenville.  Crand 
River  water  levels  at  Grand  Rapids  rose  about  6 feet  from  the  storm. 

The  coincidence  of  low  river  stages  and  high  ground  absorption  capa- 
city prevented  flooding  from  this  storm.  An  isohyetal  map  of  this 
storm  is  presented  on  plate  C-ll. 

f.  Storm  of  4-7  April  1947,  The  storm  experienced  4-7  April 
1947  in  the  Grand  River  basin  was  part  of  a State-wide  storm  which 
was  centered  just  south  of  the  Basin.  An  average  Basin  rainfall  from 
this  storm  of  about  2.4  inches  was  computed,  with  a maximum  of  4.87 
inches  recorded  at  Jackson,  and  a minimum  of  1.60  inches  recorded  at 
Grand  Haven.  About  9 inches  of  snow  had  fallen  on  the  Basin  two  wee-s 
previous  to  the  storm.  Temperatures  remained  at  or  near  freezing 
until  the  first  days  of  April,  when  they  averaged  in  the  low  40's. 
Temperatures  rose  sharply  on  the  5th  to  the  high  60's.  Serious  flood- 
ing conditions  prevailed  in  the  Basin  as  a result  of  the  heavy  rainfall 
and  accompanying  snowmelt.  About  90  percent  of  the  recorded  rainfall 
occurred  within  a 9-hour  period.  An  isohyetal  map  of  the  4-7  April 
1947  storm  is  presented  on  plate  €-12. 

t,.  Storm  of  19-21  March  194b.  The  storm  of  19-21  March  resulted 
in  the  last  major  flood  experienced  in  the  Grand  River  basin.  The 
storm  was  generally  uniformly  distributed  over  the  Basin,  with  a maxi- 
mum precipitation  of  3.11  inches  recorded  at  Eaton  Rapids,  and  a 
minimum  of  0.50  inches  recorded  at  McBride.  An  average  Basin  rainfall 
of  about  2.4  inches  was  computed.  Two  weeks  previous  to  the  storm, 
about  10  inches  of  snow  fell  on  the  Basin.  Temperatures  remained 
below  freezing  until  the  middle  of  the  month,  when  a moderate  rise  in 
temperature  to  the  high  40 's  was  experienced.  This  continued  for 
about  a week,  when  temperatures  rose  sharply  to  the  60's.  As  a result 
of  the  heavy  rainfall  and  accompanying  snowmelt,  flooding  conditions 
existed  throughout  the  Basin.  About  90  percent  of  the  recorded  rain- 
fall occurred  within  a 12-hour  period.  An  isohyetal  map  of  the  19-21 
March  1948  storm  is  shown  on  plate  C-13. 

h.  Storm  of  10-14  September  1950.  The  storm  of  10-14  September 
was  sporadic  in  character.  The  Grand  River  basin's  maximum  96-hour 
duration  rainfall  amount  of  6.70  inches  occurred  at  St.  Johns,  while 
just  16  miles  southwest,  at  Grand  Ledge,  only  0.30  inches  of  precipi- 
tation were  recorded.  Continuing  southwest  another  12  miles,  at 
Charlotte,  6.49  inches  were  recorded.  The  rainfall  over  the  entire 
Basin  averaged  about  2.5  inches.  Runoff  was  insignificant  because 
of  the  high  o^orption  capacity  of  the  ground  at  that  time.  About  90 
percent  of  the  recorded  rainfall  occurred  within  a 6-hour  period. 


i.  Storm  of  9-13  May  1656,  During  the  period  9-13  May  1936,  a 
storm  center,  which  included  severe  thunderstorms  accompanied  by  nume- 
rous tornadoes,  occurred  over  the  Grand  River  basin.  Flood  stages 
were  reached  on  nearly  all  streams  as  a result  ol  the  generally  heavy 
precipitation,  which  averaged  about  3.1  inches  over  the  whole  Basin. 
The  heaviest  rainfall  occurred  at  Grand  Rapids,  where  A. 66  inches  were 
recorded.  The  minimum  precipitation  of  2.16  inches  was  recorded  at 
McBride.  About  90  percent  of  the  recorded  rainfall  occurred  within  an 
lb-hour  period.  An  isohyetal  map  of  the  6-13  May  1956  storm  is  shown 
on  plate  C-14. 

13.  DROUGHT  PERIODS 


Drought  conditions  are  experienced  when  water  supplies  are  not 
available  over  an  extended  period  of  time  to  meet  the  demands  of 
plant  and  human  activities  (lo).  The  water  demands  of  crops  and 
human  activities  are,  in  turn,  dependent  wholly  or  to  a degree  upon 
temperature,  evaporation  rates,  character  and  condition  of  soil,  the 
stage  reached  in  the  plant  growth  cycle,  anu  the  water  supply  needs 
for  human  activities.  These  numerous  demands  are  not  necessarily  uni- 
form throughout  an  area.  What  would  constitute  a drought  in  one 
locality  would  not  necessarily  be  so  designated  in  another.  Water 
supplies  are  obtained  from  three  sources,  namely,  surface  waters, 
precipitation  and  groundwater,  or  may  be  made  up  almost  entirely  of 
only  precipitation,  surface  water  or  groundwater.  An  indication  of 
drought  conditions  may  be  determined  for  areas  that  are  dependent 
entirely  on  precipitation  by  measuring  deficiencies  of  precipitation. 
An  indication  of  drought  conditions  may  be  determined  for  areas  that 
are  dependent  entirely  on  groundwater  or  surface  water  by  measuring 
deficiencies  in  streamfiow.  An  indication  of  drought  conditions  when 
supplies  are  from  precipitation  surface  water  and  groundwater  wouid 
be  a combination  of  deficiencies  in  the  precipitation  and  streamfiow. 
The  severity  of  a drought  may  be  indicated  by  the  amount  and  duration 
of  the  deficiency.  It  is  estimated  that  in  the  Grand  River  basin  95 
percent  of  the  water  needs  are  supplied  by  precipitation.  For  prac- 
tical purposes  a measure  of  precipitation  deficiencies  could  be 
utilized  as  a guide  in  measuring  drought  periods  experienced  in  the 
Basin.  The  remaining  5 percent  of  water  needs  are  supplied  by  wells 
and  streamfiow.  Although  comprising  a small  percent  of  the  water 
supply,  deficient  periods  experienced  in  these'  supplies  would  have 
severe  effects  on  the  Basin.  With  the  exception  of  the  Grand  Rapids 
area,  the  Basin's  entire  polulation  and  industrial  water  needs  are 
supplied  from  wells  and  streamfiow  (17).  Drought  conditions  expe- 
rienced from  deficiencies  in  streamfiow  are  discussed  in  detail  in 
Appendix  D of  this  study.  The  lowest  annual  precipitation  that  has 
occurred  in  the  entire  Basin  during  the  period  1920  to  1963  was  in 
1930  when  an  average  of  only  20.55  inches  of  precipitation  was  compu- 
ted, which  is  about  65  percent  ol  Lhe  average  annual  rainfall. 

Studies  presently  being  conducted  for  the  State  of  Michigan  by  Lhe 
U.  S.  Weather  Bureau  concerning  drought  measurements  take  into  ac- 
count nearly  all  climatological  factors  in  determining  drought 


conditions  (18).  Research  Report  78,  dated  February  1969,  from  the 
Michigan  State  University  Agricultural  Experiment  Station,  East 
Lansing,  Michigan,  contains  monthly  drought  index  values  for  years 
1931  through  1967. 

14.  INTENSITY  - DURATION  - FREQUENCY 

In  the  design  of  various  facilities  associated  with  water 
resources  projects,  it  is  necessary  to  select  a design  storm.  The 
design  storm  is  ordinarily  dependent  upon  the  frequency  of  the  storm. 
The  U.  S.  Weather  Bureau  (19)  (20)  (21)  has  developed  information 
whereby,  given  a design  frequency  and  a duration  (from  20  minutes  to 
24  hours),  the  rainfall  intensity  may  be  obtained.  The  relationships 
were  developed  from  annual  series  data  collected  by  the  U.  S.  Weather 
Bureau  for  the  major  cities:  Grand  Haven,  Grand  Rapids,  Jackson  and 
Lansing.  Rainfall  intensity-frequency  curves  for  these  cities  are 
shown  on  figures  C-4,  5,  6 and  7,  respectively. 

13.  DEPTH  - AREA  - DURATION 

The  storm  that  could  be  expected  from  the  most  severe 
combination  of  critical  meteorologic  and  hydrologic  conditions  that 
exist  in  the  Grand  River  basin  is  referred  to  as  the  Maximum  Probable 
Storm.  analysis  of  this  storm  is  usually  confined  to  the  determina- 
tion of  spillway  requirements  for  high  dams.  However,  in  unusual 
cases,  it  may  constitute  the  design  storm  for  local  protection  works 
where  an  exceptionally  high  degree  of  protection  is  advisable  and 
economically  obtainable.  The  storm  resulting  from  the  most  severe 
combination  of  meteorologic  and  hydrologic  conditions  that  are  con- 
sidered reasonably  characteristic  of  the  Grand  River  basin  excluding 
extremely  rare  combinations  is  referred  to  as  the  Standard  Project 
Storm.  The  flood  estimate  resulting  from  this  storm  represents  a 
"standard"  against  which  the  degree  of  protection  finally  selected 
for  a project  may  be  compared  with  protection  provided  at  similar 
projects  at  other  localities.  It  may  also  constitute  the  design 
flood  of  a project  where  some  small  degree  of  risk  is  justified  by 
hazards  to  life  and  high  property  values  within  the  area  to  be  pro- 
tected. Flood  discharge  estimates  from  the  Maximum  Probable  Storm 
and  the  Standard  Project  Storm  are  made  from  data  developed  from 
studies  made  by  the  U.  S.  Weather  Bureau  (22)  and  the  Corps  of 
Engineers  (23).  Maximum  Probable  Storm  depth-area-duration  relation- 
ships for  the  Grand  River  basin  are  presented  on  figure  C-8. 

Standard  Project  Storm  depth-area-duration  relationships  are  esti- 
mated to  be  one-half  those  relationships  developed  for  the  Maximum 
Probable  Storm  (23/5). 


SECTION  V 
TEMPERATURE 


16.  MEAN  ANNUAL 

Mean  annual  temperatures  based  on  stations  with  50  years  of 
record  or  more  (see  table  C-6)  range  from  a high  of  48.8°  at 
Grand  Rapids  to  a low  of  47.0°  at  Grand  Haven.  Temperatures  are 
referred  to  in  degrees  Fahrenheit  (°F) . The  Grand  River  basin 
average  annual  temperature  is  47.8°  and  the  annual  average  of  the 
daily  maximum  and  the  daily  minimum  temperatures  are  57.7°  and  37.9°, 
respectively.  The  lower  maximum  and  higher  minimum  average  annual 
temperatures  are  experienced  in  the  western  portion  of  the  Basin. 

This  is  explained  by  the  modifying  effects  of  Lake  Michigan  in  stabi- 
lizing temperature  variations  in  the  western  section  of  the  Basin. 
Annual  means  of  maximum  and  minimum  temperatures  and  mean  tempera- 
tures of  stations  within  the  Basin  are  presented  in  table  C-8.  A 
map  depicting  the  annual  average  temperatures  of  the  Basin  is  shown 
on  plate  C-15. 
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17.  MONTHLY  DISTRIBUTION  OF  TEMPERATURES 


Average  monthly  temperatures  for  the  Grand  River  basin  range 
from  a high  of  72.1°  in  July  to  a low  of  23.5°  in  January.  The 
monthly  average  of  the  daily  maximum  temperatures  for  the  Grand  River 
basin  ranges  from  83.7°  in  July  to  30.9°  in  January.  The  monthly 
average  of  the  daily  minimum  temperatures  ranges  from  60.6°  in  July 
to  15.9°  in  February.  The  highest  monthly  average  of  the  daily  maxi- 
mum temperature  is  83.2°  in  July  at  Jackson  while  the  lowest  monthly 
average  of  the  daily  minimum  temperature  is  13.8°  at  East  Lansing 
during  January.  The  effects  of  Lake  Michigan  on  monthly  temperatures 
are  evident  for  the  western  section  of  the  Basin.  Average  maximum 
temperatures  are  up  to  5°  cooler  in  the  western  sections  compared  to 
those  in  the  eastern  portion  of  the  Basin,  while  average  minimum  tem- 
peratures are  up  to  3°  warmer  for  the  western  section  of  the  Basin, 
compared  to  those  in  the  eastern  portion  of  the  Basin.  Monthly  normals 
of  maximum,  minimum  and  mean  temperatures  for  stations  located  within 
the  Basin  are  shown  in  table  C-7. 

18.  DIURNAL  VARIATION  OF  TEMPERATURES 


The  maximum  recorded  temperature  in  the  Grand  River  basin  of  109° 
was  reported  at  Hastings  14  July  1936.  The  minimum  temperature  in  the 
Basin  of  33°  below  zero  was  recorded  at  Lansing  in  January  1875.  U.  S. 
Weather  Bureau  records  from  1900  to  the  present  indicate  that  daily  tem- 
peratures approach  record  maximum  and  minimum  values  quite  often 
throughout  any  given  year.  Maximum  temperatures  of  over  100°  are  not 
uncommon  in  the  course  of  a year,  as  are  temperatures  below  zero.  Daily 
variations  of  temperatures  are  greatest  in  the  eastern  section  of  the 
Basin,  where  they  vary  about  25°  in  the  summer  and  about  15°  in  the 
winter.  Daily  variations  of  temperatures  in  the  western  portion  of  the 
Basin  are  from  20°  in  the  summer  to  10°  in  the  winter.  This  difference 
is  again  explained  by  the  stabilizing  effect  of  Lake  Michigan  on  tem- 
peratures. Maximum  and  minimum  recorded  temperatures  for  stations 
located  within  the  Basin  are  presented  in  table  C-9. 
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19. 


FREEZE  - GROWING  SEASON 


The  occurrence  of  a killing  frost  varies  significantly  in  the 
Grand  River  basin  (24).  The  western  section  of  the  Basin  averages 
about  23  weeks  of  temperatures  above  freezing,  while  the  eastern  sec- 
tion averages  about  21  weeks  above  freezing.  The  difference  in 
frost-free  days  is  explained  by  the  stabilizing  effects  of  Lake 
Michigan  on  temperatures.  The  difference  of  two  weeks  in  freezing 
temperature  periods  is  distributed  to  one  week  in  the  spring  and  one 
week  in  the  fall.  The  average  date  of  the  last  spring  occurrence  of 
frost  in  the  Basin  usually  occurs  during  the  first  week  of  May,  and 
the  average  date  of  the  first  fall  occurrence  during  the  first  week 
of  October.  Freeze  data  for  Grand  Haven,  Lansing,  Jackson,  Greenville 
Grand  Rapids,  Charlotte  and  Hastings  are  presented  in  table  C-10. 


GRAND  RIVGR  BASIN,  MICHIGAN 
FREEZE  DATA 


r 


March  1967 


O 

<r 

<r 

O' 

3 

m 

vO 

•——4 

eg 

s O 

m 

>0 

m 

00 

re 

re 

H 

r— 4 

r-4 

r-4 

Pu 

0 

Os 

vO 

H 

rM 

X) 

O' 

00 

ON 

00 

00 

00 

r* 

sO 

eg 

r— 4 

i—4 

r-H 

f—4 

eg 

rM 

F"^ 

? 

o 

re 

O' 

ao 

ue 

•o 

o 

re 

r-4 

o 

O' 

re 

o 

o 

<r 

eg 

eg 

eg 

r— 4 

eg 

eg 

eg 

eg 

i*« 

O' 

o 

sO 

00 

00 

0 

ICN 

ee 

re 

re 

m 

eg 

eg 

o 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

<N 

u- 

00 

m 

re 

—4 

eg 

o 

O' 

o 

x> 

m 

in 

in 

r* 

ue 

vC 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

C&4 

s 

U 

> 

> 

> 

u 

> 

> 

o 

0 

03 

o 

o 

o 

03 

0 

o 

vO 

L,  l 

a 

z 

z 

z 

a 

z 

z 

O 03 

,o 

00 

X> 

vO 

X> 

ue 

eg 

eg 

eg 

eg 

eg 

> 

> 

> 

> 

u 

> 

> 

Pl 

3 

O 

O 

0 

0 

03 

0 

o 

0 

c 

z 

z 

z 

z 

a 

z 

z 

o 

L,— i 

cm 

o a> 

O' 

o 

00 

in 

ue 

m 

x> 

eg 

eg 

r— g 

> 

> 

> 

i-i 

> 

> 

> 

t 

5 

o 

0 

o 

u 

a 

0 

0 

c 

z 

z 

z 

o 

z 

Z 

z 

<T 

u * * * 

C 43 

e> 

r* 

X) 

OD 

O' 

ue 

ue 

X 

- 

eg 

*— 4 

Pl 

> 

gj 

gj 

gj 

> 

gj 

gj 

0 

o 

o 

u 

a 

CJ 

0 

O 

o 

00 

u — ' 

z 

O 

o 

O 

z 

O 

o 

CN 

O 01 

x> 

re 

X) 

o 

eg 

O' 

eg 

eg 

eg 

eg 

eg 

■—4 

gj 

gJ 

gj 

gj 

gj 

gj 

gj 

3 

o 

o 

o 

U 

U 

a 

O 

&• 

o 

■ 4 

O 

O 

O 

O 

O 

O 

O 

eg 

Ll  0) 

re 

in 

X) 

r-» 

in 

re 

re 

0X3 

—* 

eg 

U- 

3 

X 

>> 

>s 

u 

>N 

>% 

o 

0 

CO 

<0 

CTJ 

rj 

cl 

J2 

J2 

eg 

Ll— ‘ 

X 

X 

X 

x 

< 

x 

X 

c-> 

O V 

X3 

eg 

X) 

O' 

O' 

in 

eg 

ue 

eg 

3 

L4 

l. 

u 

Ll 

u 

Li 

:e 

lu* 

o 

a. 

cl 

a. 

Q. 

CL 

CL 

<2 

0 

f— 4 

< 

< 

< 

< 

< 

< 

X 

00 

L<  03 

eg 

0X5 

00 

re 

eg 

CO 

eg 

O' 

«■  ’4 

3 Pu 

3 

Li 

Li 

Li 

Li 

Li 

Li 

Li 

w 

O 0 

O 

Cl 

CL 

CL 

Q, 

3 

CL 

CL 

H 

< 

8 s 

M— • 

O 03 

< 

< 

< 

< 

X 

< 

< 

Q 

X3 

*— 4 

r- 

o 

re 

ON 

in 

00 

o 

•—i 

eg 

Z 

z 

< 

►h 

3 

Li 

Li 

M 

L i 

Li 

Li 

Li 

w 

aC  Pl 

o 

<0 

(0 

CO 

J2 

CO 

CL 

eg 

X 

Pm  O 

F— 4 

X 

X 

X 

X 

X 

< 

X 

CO  O 

Li  03 

rg 

0 X) 

re 

sO 

x> 

o 

O 

f4 

f4 

H 

eg 

eg 

eg 

re 

eg 

re 

CO  Pu 

3 

< o 

o 

Li 

Li 

k4 

Li 

Li 

Li 

Li 

►J  X) 

Ll  — • 

<0 

<0 

co 

JS 

J9 

JS 

fH 

O 03 

fi 

X 

X 

X 

X 

X 

X 

X 

00 

00 

o 

o 

F— 4 

r4 

b4 

F"'  4 

»— 4 

H 

eg 

* 4 

eg 

eg 

O 

o 

aJ 

re 

re 

re 

f“4 

» 4 

f4 

•—4 

CO 

O 

(/) 

VP 

vO 

vO 

in 

ue 

in 

ue 

CzJ 

a 

u 

O' 

O' 

O' 

O' 

ON 

O' 

(ON 

H 

(0 

f4 

F-U 

?— 4 

F— 4 

f4 

< 

2 

03 

1 

1 

• 

1 

1 

1 

• 

a 

>* 

F«4 

^-4 

f4 

f4 

_< 

f4 

f-4 

eg 

eg 

eg 

eg 

eg 

eg 

eg 

ON 

O' 

O' 

O' 

ON 

ON 

ON 

fH 

*— 4 

f— 4 

F^ 

*— 4 

f4 

u» 

C 

13 

03 

03 

•f4 

> 

fH 

CL 

03 

z 

<0 

<0 

U 

CA 

o 

X 

00 

c 

*fM 

arS 

gg 

00 

r-4 

c 

o 

> 

0 

c 

H 

13 

•H 

UJ 

c 

13 

fU 

■fM 

< 

C 

(fi 

F^ 

03 

c 

Li 

u 

O 

<0 

c 

a 

03 

cfl 

CO 

CA 

Q 

Li 

tO 

co 

Li 

Li 

X3 

CO 

O 

•e 

O 

CD 

O 

X 

C -26 


4 


SECTION  VI 

WINDS,  CLOUDINESS  AND  HUMIDITY 


» 


I 

, 20.  PREVAILING  WINDS 

Prevailing  winds  in  the  Grand  River  basin  are  from  the  south 
and  west,  at  an  average  speed  of  about  9.5  MPH.  The  earth's  tem- 
perature and  pressure  gradients  and  rotation  create  the  prevailing 
westerly  winds  associated  with  the  mid- latitudes.  The  fastest 
(excluding  tornadoes)  wind  speed  recorded  in  the  Basin  of  65  MPH 
was  recorded  at  Grand  Rapids,  from  the  southwest,  November  1952. 
Pertinent  wind  data  for  Grand  Rapids  and  Lansing  are  presented  in 
table  C-ll. 
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21.  TORNADOES 


The  occurrence  of  tornadoes  within  the  Grand  River  basin  has 
varied  in  severity,  frequency,  and  location.  Tornadoes  are  charac- 
terized by  a dark  cloud  which  descends  toward  the  earth  with  a 
funnel- like  shape  marking  a vortex,  which  may  or  may  not  touch  the 
ground  (25).  They  are  usually  attended  by  heavy  precipitation, 
thunder,  and  hail.  The  destructive  force  of  a tornado  is  caused  by 
a partial  vacuum  created  by  spiraling  winds  which  are  estimated  to 
range  from  200  MPH  to  500  MPH.  They  usually  travel  from  the  south- 
west direction  at  a rate  of  20  to  40  MPH  and  have  an  average  width 
of  about  350  yards  and  a median  length  of  five  miles.  Tornadoes 
normally  occur  during  the  warm  spring  and  summer  days.  They  normally 
develop  after  the  hottest  time  of  day.  About  42  percent  of  the  tor- 
nadoes occur  from  3:00  P.  M.  to  7:00  P.  M.  The  Weather  Bureau  has 
reported  the  occurrence  of  38  tornadoes  within  the  Basin  since  1926 
through  1965.  The  greater  portion  of  these  tornadoes  have  been 
reported  since  1950.  This  is  explained  by  the  greater  efficiency  in 
reporting  tornado  activity  as  a result  of  the  greater  population 
density  in  the  Basin  since  1950.  The  Palm  Sunday  tornado  outbreak  of 
April  1965  was  the  most  disastrous  reported  tornado  in  the  Basin.  It 
affected  six  midwestern  states  and  was  the  nation's  worst  tornado 
disaster  in  40  years.  At  least  37  separate  tornadoes  were  identified 
over  a six-state  area  encompassing  Iowa,  Illinois,  Wisconsin,  Michigan, 
Indiana  and  Ohio.  Three  meteorological  conditions,  necessary  for  tor- 
nado formations,  converged  over  the  upper  Mississippi  Valley  on 
Sunday,  11  April  1965.  Warm,  moisture- laden  air  streamed  northeastward 
from  the  Gulf  of  Mexico,  ahead  of  a fast-moving,  low  pressure  area. 
Approaching  equally  fast  from  the  west  was  a mass  of  relatively  dry 
cooler  air.  One  facet  of  the  outcome,  as  the  outbreak  of  tornadoes  and 
storms  developed,  was  to  sweep  and  destructively  scourge  the  entire 
Basin  with  tornadoes  (29).  The  paths  of  known  tornadoes  within  the 
Basin  are  shown  on  plate  C-16.  The  greater  portion  of  reported  tor- 
nado activity  is  near  the  cities.  This  is  to  be  expected  because  of 
the  greater  population  density  than  in  the  rural  areas  that  would 
report  tornado  activity. 

22.  PERCENT  OF  CLOUDINESS 


The  percent  of  cloudiness  is  a ratio  of  how  much  cloud  cover  the 
Basin  has  experienced  compared  to  the  total  sky  cover.  The  Basin  aver- 
ages about  50  percent  possible  sunshine  with  very  little  variation 
through  the  Basin.  The  eastern  portion  experiences  about  21  more  clear 
days  than  does  the  western  portion.  This  difference  is  attributed  to 
the  effects  of  Lake  Michigan,  especially  in  the  winter  months  when  air 
masses  over  the  relatively  warm  surface  of  Lake  Michigan  pick  up  addi- 
tional moisture  and  are  made  more  unstable  by  heating  from  the  Lake. 
Pertinent  information  regarding  cloudiness  at  Grand  Rapids  and  Lansing 
is  presented  in  table  C-ll. 
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23. 


RELATIVE  HUMIDITY 


Relative  humidity  is  a ratio  of  the  amount  of  moisture  in  a 
given  volume  of  air  compared  to  the  amount  that  volume  could  contain 
if  it  were  saturated  expressed  as  a percent.  Relative  humidity  at 
Lansing  ranges  from  a mean  maximum  of  90  percent  in  September  to  a 
mean  minimum  of  51  percent  in  July.  Relative  humidity  is  greatest 
during  the  early  morning  hours  and  generally  lowest  during  the  after- 
noon hours  hottest  time  of  the  day  because,  as  the  temperature 
increases,  the  capacity  of  the  air  for  moisture  also  increases,  thus 
giving  a lower  relative  humidity.  Pertinent  data  on  humidity  at 
Grand  Rapids  and  Lansing  are  shown  in  table  C-ll.  The  occurrences  of 
fog  within  the  Basin  normally  occur  in  the  spring  months  of  April, 

May  and  June,  and  in  the  fall  months  of  September  and  October.  The 
western  section  of  the  Basin  experiences  more  fog  than  the  interior 
section  of  the  Basin.  This  difference  is  explained  by  the  Lake 
Michigan  effects.  During  the  spring  months,  warm  moist  air  masses 
are  cooled  by  the  Lake  Michigan  waters.  In  the  fall  months  the  rela- 
tively warm  Lake  waters  heat  air  masses  which,  in  turn,  are  cooled  by 
the  colder  land  areas.  U.  S.  Weather  Bureau  records  indicate  that 
dense  fog  (visibility  less  than  1/4  mile)  (26/27)  occurs  about  10  to  20 
days  per  year  for  the  west  coast  section  of  the  Basin,  whereas,  from  5 
to  10  days  per  year  occur  within  the  interior  Basin. 


SECTION  VII 

PROJECTED  HYDROCLIMATIC  DATA  NEEDS 

24.  PRESENT  AND  FUTURE  CLIMATOLOGICAL  DATA  NEEDS 

Needs  for  climatological  data  to  be  utilized  in  forecasting  the 
possible  occurrence  of  natural  phenomenon  are  dependent  on  the  degree 
of  significance  that  the  occurrence  frequency  and  severity  of  this 
phenomenon  would  have  on  an  area's  economy,  life  and  health.  Projec- 
ted needs  for  hydroclimatic  data  are  those  needs  which  are  not 
presently  provided.  There  are  three  natural  phenomena  that  occur  in 
the  Grand  River  basin  that  have  significant  effects  on  the  Basin's 
economy,  life,  and  health,  namely,  rainfall,  winter  storms  and  tor- 
nadoes. The  present  methods  of  forecasting  these  phenomena,  and  the 
projected  needs,  are  discussed  in  the  following  paragraphs. 

25.  The  Weather  Bureau  at  Washington,  D.  C. , receives  climatological 
data  from  throughout  the  world  in  analyzing  expected  weather  condi- 
tions. This  analysis  is  transmitted  by  teletype  and  facsimiles  to  the 
U.  S.  Weather  Bureau  at  Chicago,  Illinois.  Utilizing  data  received 
from  Washington,  D.  C.  as  a guideline,  and  information  received  from 
Weather  Bureau  stations  in  Michigan,  and  data  received  from  meteor- 
ological satellites,  the  Weather  Bureau  prepares  at  Chicago  the 
state-wide  forecast  for  Michigan  and  transmits  it  to  Lansing  and 
Grand  Rapids  by  teletype.  State-wide  forecasts  for  Michigan  are  sub- 
divided into  seven  sections.  The  Grand  River  basin  is  located  within 
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four  sections,  namely,  the  Southwest,  West  Central,  Central,  and 
South  Central  sections.  Except  on  rare  occasions,  these  forecasts 
are  not  altered  by  the  Weather  Bureau  stations  at  Grand  Rapids  or 
Lansing. 

26.  The  extent  and  severity  of  floods  and  drought  periods  depends 
directly  on  the  amount  and  occurrence  of  precipitation.  A concise 
forecast  of  the  occurrence  of  excessive  or  subnormal  rainfall  would 
greatly  reduce  the  effects  of  an  occurrence  of  this  phenomenon.  At 
present,  the  occurrences  of  rainfall  are  forecast  for  the  State  of 
Michigan  by  the  U.  S.  Weather  Bureau  at  Chicago.  Characteristics 
associated  with  a rainfall  forecast  by  the  Chicago  Weather  Bureau  are 
the  time  of  occurrence  (24-hour  period),  area  distribution  (by  sec- 
tional classification),  and  a general  statement  as  to  the  amount  of 
rainfall  expected.  The  Weather  Bureau  stations  at  Lansing  and  Grand 
Rapids  issue  forecasts  for  their  vicinity  within  a 25-mile  radius. 

The  entire  Basin  has  radar  coverage  from  Chicago,  Detroit  and 
Muskegon  Weather  Bureau  stations.  This  coverage  enables  the  Weather 
Bureau  to  maintain  a continuous  observation  of  aerial  distribution 
and  movement.  Rainfall  forecasts  are  not  presently  utilized  in 
flood  or  drought  forecasting.  Flood  forecasts  are  presently  made 
based  on  existing  conditions.  Whenever  measured  rainfall  amounts  ex- 
ceed 0.5  inches  they  are  telephoned  to  the  Lansing  or  Grand  Rapids 
River  Forecast  District.  In  addition  to  rainfall  amounts,  Basin  con- 
ditions such  as  snow  cover  and  soil  perviousness  and  stream  gage 
readings  are  also  telephoned.  The  Lansing  District  is  responsible  for 
flood  forecast  on  the  Grand  River  from  Jackson  to  Grand  Ledge  and  the 
Red  Cedar  at  East  Lansing.  The  Grand  Rapids  District  is  responsible 
for  the  Grand  River  downstream  of  Grand  Ledge  to  Grand  Rapids.  Pro- 
jected climatological  needs  are  contingent  on  possible  inclusion  of 
reservoirs  in  the  comprehensive  basin  development  plan.  Effective  and 
safe  operation  of  these  reservoirs  would  be  dependent  on  utilizing 
forecasted  and  actual  basin  climatological  data.  Forecasted  rainfall 
may  be  improved  by  knowledge  of  the  rainfall  intensity.  Radar  equip- 
ment is  presently  being  developed  and  tested  for  this  purpose. 
Determination  of  actual  Basin  climatological  conditions  may  be  improved 
by  establishing  more  precipitation  stations.  Drought  forecast  cannot 

be  made  with  present  knowledge  and  technology.  The  U.  S.  Weather  Bureau 
at  Washington,  D.  C. , issues  30-day  forecasts  which  consist  of  general 
statements  of  above  or  below  normal  rainfall  amounts.  These  forecasts 
are  issued  every  two  weeks  so  that  in  effect  30-day  forecasts  are  only 
two-week  forecasts. 

27.  Winter  storm  forecasts  are  made  in  a manner  similar  to  rainfall 
forecasts.  The  storm  forecast  would  consist  of  the  amount  of  snowfall 
expected,  the  possibilities  of  freezing  rain  or  ice  conditions,  and 
the  areal  distribution  expected  of  the  storm.  Projected  climatological 
needs  may  consist  of  improved  knowledge  of  the  snowfall  intensities. 
Radar  equipment  presently  being  developed  and  tested  for  measuring  rain- 
fall intensity  may  also  be  utilized  to  measure  snowfall  intensity. 
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28.  Tornado  forecasts  are  prepared  for  the  State  of  Michigan  by  the 
Weather  Bureau  in  Kansas  City,  Kansas.  Two  types  of  forecasts  are 
issued,  namely,  a "tornado  watch"  and  a "tornado  warning".  A "tornado 
watch"  is  issued  when  weather  conditions  are  favorable  for  tornado 
development.  A "tornado  warning"  is  issued  when  a tornado  has  been 
sighted.  Radar  coverage  of  the  Basin  i6  the  most  valuable  source  of 
tornado  detection.  Although  radar  cannot  detect  the  occurrence  of  a 
tornado,  it  does  determine  the  locale  and  severity  of  storm  centers 
from  which  tornadoes  normally  develop.  Research  presently  being  done 
by  the  U.  S.  Weather  Bureau  in  the  mid-American  states  on  the  phenom- 
enon of  tornadoes  should  provide  valuable  information  concerning  the 
development  of  tornadoes  from  which  possible  new  and/or  more  climatic 
data  may  be  acquired  for  forecasting  the  occurrence  of  a tornado. 


29. 


CONTROLS!)  WEATHER 


The  U.  S.  Weather  Bureau  has  been  involved  in  research  on  con- 
trolled weather  for  years.  The  complexity  and  magnitude  of  weather 
makes  it  difficult  to  develop  a scientific  and  practical  approach  to 
controlling  weather.  Numerous  attempts  on  controlling  weather  have 
been  tried  by  private  individuals  and  institutions,  and  Federal  sup- 
ported agencies  such  as  the  Army,  Navy  and  Air  Force.  These  attempts 
have  been  both  successful  and  unsuccessful.  Successful  control  of 
weather  phenomenon  have  normally  been  confined  to  control  for  a rela- 
tively small  area.  A Basin-wide  approach  to  possible  controlled  weather 
does  not  appear  practical  at  this  time. 


30. 


CRITERIA  TO  ESTABLISH  WEATHER  BUREAU  STATIONS 


In  1954  the  Weather  Bureau  developed  a grid  system  which  would 
establish  one  Weather  Bureau  station  for  every  600  square  miles. 

This  grid  system  is  supplemented  as  needs  for  additional  information 
become  apparent.  Most  of  these  stations,  called  cooperative  stations, 
are  operated  from  donated  time  or  at  nominal  costs  for  special  proj- 
ects. First  order  stations  are  established  when  the  cost  of  equipment, 
maintenance  and  compilation  of  data  are  justified  by  the  need  for 
detailed  weather  information.  The  Michigan  Water  Resources  Commission, 
in  cooperation  with  the  U.  S.  Weather  Bureau,  U.  S.  Geological  Survey 
and  Michigan  State  University,  is  presently  engaged  in  a study  within 
the  Red  Cedar  basin  whereby  the  effectiveness  of  areal  coverage  of  rain 
gages  may  be  determined.  Results  of  this  study  will  be  an  aid  in  deter- 
mining the  number  of  rain  gages  that  may  be  needed  for  improving  the 
flood  forecasting  system  for  the  Basin. 

31.  ORGANIZATION  OF  WARNING  SYSTEM  FOR  OCCURRENCE  OF  A NATURAL  DISASTER. 


The  issuance  of  a forecast  of  the  possible  occurrence  of  a natural 
disaster  is  the  responsibility  of  the  U.  S.  Weather  Bureau.  The  respon- 
sibility to  warn  or  alert  the  Federal,  military  and  civilian  authorities, 
State  offici  s and  the  civilian  population  of  this  forecast  is  the 
responsibility  of  the  Office  of  Civil  Defense.  The  Office  of  Civil  Defense 
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issues  these  forecasts  to  the  Red  Cross,  Radio,  Television,  Press, 
Corps  of  Engineers,  Michigan  State  Police  and  other  Federal,  State 
and  local  agencies.  The  main  responsibility  of  the  Red  Cross  is  to 
provide  food,  shelter  and  medical  assistance  to  disaster  areas. 

Radio,  Television  and  Press  responsibilities  are  to  inform  the  civil- 
ian population  of  the  possible  occurrence  of  a natural  disaster  and 
the  precautions  that  should  be  taken  against  the  disaster.  The 
Corps  of  Engineers'  chief  respons ibil ity  is  during  flood  disasters. 
Emergency  flood  control  activities  including  flood  emergency  prep- 
aration, flood  fighting  and  rescue  work  during  the  period  of  actual 
emergency,  and  post-flood  repair  and  restoration  of  flood  control 
works  are  the  main  responsibilities  of  the  Corps  of  Engineers.  When 
requested  by  the  Office  of  Civil  Defense,  the  Corps  of  Engineers  also 
assesses  damages  to  Government-owned  facilities  resulting  from  dis- 
asters including  tornado  action.  The  Michigan  State  Police 
responsibilities  consist  mainly  of  assisting  in  informing  the  civil- 
ian population  of  a possible  occurrence  of  a natural  disaster, 
isolating  a disaster  area,  and  providing  uninterrupted  access  to  and 
from  a disaster  area  for  rescue,  relief  and  aid  personnel. 

32.  The  Natural  Disaster  warning  organizational  system  has  never 
seriously  been  tested  in  the  Grand  River  basin.  The  occurrence  of 
natural  disasters  in  the  Basin  have  been  confined  to  small  areas  and 
relatively  minor  severity.  Areas  where  the  frequency  and  severity  of 
natural  disasters  are  high  have  been  served  effectively  by  this  type 
of  organized  warning  system. 
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at  selected  depths,  plant-available  water  in  soil,  deficit  and 
precipitation,  together  with  the  related  description  of  the  soil 
moisture  sites. 


7.  U.  S.  Weather  Bureau,  Climate  of  Michigan  by  Stations,  156  pp. , 
Michigan  Weather  Service,  East  Lansing,  (February  1963). 

This  issue  presents  a "means  and  extremes"  table,  and  sequential 
tables  of  monthly  average  temperature  and  total  precipitation. 
Included  is  a narrative  summary  of  the  local  climate  and  a his- 
tory of  changes  in  station  location  and  related  information. 

8.  U.  S.  Weather  Bureau,  Climatic  Summary  of  the  United  States  - 
Michigan , U.  S.  Government  Printing  Office,  Washington,  D.  C. 

Three  dates  of  Issue,  (1930,  1952  and  1960). 

These  issues  present,  by  stations,  sequential  tables  of  monthly 
and  annual  values  of  total  precipitation,  mean  monthly  and  annual 
snowfall  amounts,  mean  temperatures,  mean  maximum  and  mean  mini- 
mum temperatures,  and  highest  and  lowest  temperatures.  The  1930 
edition  also  presented  maximum  hourly  precipitation  amounts  for 
selected  stations. 

9.  U.  S.  Weather  Bureau,  Daily  and  Hourly  Precipitation  for  Region  3 - 
Ohio  River,  U.  S.  Government  Printing  Office,  Washington,  D.  C. , 
(1940-1948)  . 

The  monthly  issue  presented  the  daily  and  hourly  precipitation 
data  from  stations  equipped  with  automatic  recording  gages. 

10.  U.  S.  Weather  Bureau,  Michigan  Snow  Depths,  Michigan  Weather 
Service,  East  Lansing,  14  pp. , (June  1964). 

Pamphlet  describing  the  variation  in  Michigan  Snow  Depths  by 
narration,  maps  and  statistics. 

11.  U.  S.  Weather  Bureau,  Monthly  Storm  Data  for  Michigan.  U.  S. 
Government  Printing  Office,  Washington,  D.  C.,(1959-to  Present). 

This  publication  presents  a chronological  listing  of  occurrences 
of  storms  and  unusual  weather  phenomena,  together  with  data  on  the 
paths  of  individual  storms,  deaths,  injuries,  and  property  damage 
resulting  therefrom,  and  a brief  narrative  of  associated  details 
attending  each  occurrence. 

12.  U.  S.  Weather  Bureau,  Frequency  of  Maximum  Water  Equivalent  of 
March  Snow  Cover  in  North  Central  United  States,  Technical  Paper 
No.  50,  24  pp. , U.  S.  Government  Printing  Office,  Washington,  D.C., 
(1964). 
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This  paper  presents  generalized  information  from  which  maximum 
water  equivalent  values  of  snow  on  the  ground  for  the  first  and 
second  halves  of  March  could  be  developed  for  any  area  north  of 
40°N  and  between  80°  and  105°W. 

13.  U.  S.  Department  of  Agriculture,  Climate  and  Man,  p.  730,  U.  S. 
Government  Printing  Office,  Washington,  D.  C. , (1941). 

A map  depicting  the  occurrence  of  hail  throughout  the  U.  S.  on 
an  average  day  per  year  basis  during  the  period  1899-1938. 

14.  U.  S.  Weather  Bureau,  Thunderstorm  Rainfall,  Hydrometeorological 
Report  No.  5,  Part  I,  pp.  149-130,  Waterways  Experiment  Station, 
Vicksburg,  Mississippi,  (1947). 

A table  indicating  the  maximum  number  of  occurrences  of  hail 
within  one  year  for  the  period  1910-1943  for  selected  Weather 
Bureau  stations  throughout  the  U.  S. 

15.  U.  S.  Weather  Bureau,  Mean  Number  of  Thunderstorm  Days  in  the  U.S. 
Technical  Paper  No.  19,  22  pp. , U.  S.  Government  Printing  Office, 
Washington,  D.  C. , (1952).  (Now  out  of  print). 

This  paper  presents  tables  of  average  monthly,  seasonal,  and 
annual  number  of  thunderstorm  days  in  the  U.  S.  It  also  includes 
charts  depicting  the  monthly  distribution  of  days  with  thunder- 
storms . 

16.  Hoyt,  J.  C. , Drought  of  1936,  U.  S.  Geological  Survey,  Water 
Supply  Paper  No.  820,  p.  1,  U.  S.  Government  Printing  Office, 
Washington,  D.  C. , (1938). 

A discussion  of  the  significance  of  droughts  in  relation  to 
climate  is  presented. 

17.  U.  S.  Army,  Corps  of  Engineers,  Grand  River  Data  Book,  pp.  B-18 
to  B-25,  U.  S.  Army  Engineer  District,  Detroit. 

Data  book  lists  the  water  supply  facilities  for  all  municipalities 
in  the  Grand  River  basin. 

18.  U.  S.  Weather  Bureau,  Meteorological  Drought,  Research  Paper  No. 
45,  58  pp. , U.  S.  Government  Printing  Office,  Washington,  D.  C. , 
(February  1965). 

This  paper  provides  a technique  to  measure  the  degree  of  drought 
an  area  experiences. 

19.  U.  S.  Weather  Bureau,  Maximum  Recorded  U.  S.  Point  Rainfall  for 
5 Minutes  to  24  Hours,  Technical  Paper  No.  2,  56  pp. , U.  S. 
Government  Printing  Office,  Washington,  D.  C. , (1963). 


This  paper  provides  maximum  recorded  point  rainfalls  for  5,  10, 
15,  30  and  60  minutes,  and  2,  3,  6,  12  and  24-hour  durations 
for  selected  stations  throughout  the  U.  S. 

20.  U.  S.  Weather  Bureau,  Rainfall  In tensity- Our at ion- Frequency 
Curves , Technical  Paper  No.  16,  53  pp. , U.  S.  Government  Printing 
Office,  Washington,  D.  C. , (December  1955). 

This  paper  presents  rainfall  intensity-duration  curves  for  dura- 
tions of  5 minutes  to  24  hours,  and  return  periods  of  2,  5,  10, 
25,  50,  and  100  years  for  selected  stations  throughout  the  U.  S. 

21.  U.  S.  Weather  Bureau,  Rainfall-Intensity- Frequency  Regime  - 
Part  5 - Great  Lakes  Region,  Technical  Paper  No.  29,  31  pp.  , 

U.  S.  Government  Printing  Office,  Washington,  D.  C. , 

(February  1960). 

This  paper  provides  a technique  to  develop  rainfall- intensity- 
duration  frequency  relationships  within  the  Great  Lakes  Region 
based  on  precipitation  data  for  numerous  U.  S.  Weather  Bureau 
stations  within  the  Great  Lakes  region. 

22.  U.  S.  Weather  Bureau,  Seasonal  Variation  of  the  Probable  Maximum 
Precipitation  East  of  the  105th  Meridian  for  Areas  10  to  1,000 
Square  Miles  and  Durations  of  6,  12,  24  and  48  Hours.  Hydro- 
meteorological Report  No.  33,  58  pp. , U.  S.  Government  Printing 
Office,  Washington,  D.  C.  , (April  1956). 

This  paper  depicts  probable  maximum  rainfall  amounts  for  each 
month  and  an  all-season  period  throughout  the  U.  S.  for  various 
size  drainage  areas  and  duration  of  6,  12,  24  and  48  hours. 

23.  U.  S.  Army,  Corps  of  Engineers,  Standard  Project.  Flood 
Determinations , Civil  Engineer  Bulletin  No.  52-8,  19  pp., 

Office  of  the  Chief  of  Engineers,  Washington,  D.  C. , (June  1964). 


This  paper  describes  and  illustrates  a procedure  to  determine 
the  rainfall  amounts  associated  with  the  occurrence  of  the  most 
severe  combination  of  meteorologic  and  hydrologic  conditions 
considered  reasonable  of  the  geographic  region. 


24.  Agricultural  Experiment  Station,  Michigan  Freeze  Bulletin, 
Research  Report  26,  Farm  Science,  40  pp. , Michigan  State 
University,  East  Lansing,  (No  date). 


This  paper  provides  freeze  data  such  as  number  o 
frequency  of  occurrences,  and  information  on  the 
ceptibility  of  various  types  of  plant  growth  at 
temperatures . 


f occurrences, 
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25.  U.  S.  Weather  Bureau,  Tornado  Occurrences  In  the  U.  S.  , 

Technical  Paper  No.  20,  17  pp. , U.  S.  Government  Printing  Office 
Washington,  0.  C. , (1960). 

This  paper  describes  in  detail,  the  nature  of  the  formation  of 
tornadoes,  characteristics  of  tornadoes,  and  their  occurrence 
from  1916  to  195b  throughout  the  U.  S.  Numerous  tables,  charts 
and  statistics  are  also  provided. 

26.  U.  S.  Weather  Bureau,  Climatology  and  Weather  Services  of  the 
St.  Lawrence  Seaway  and  Great  Lakes,  Technical  Paper  No.  35, 

75  pp. , U.  S.  Government  Printing  Office,  Washington,  D.  C. , 
(1959). 

This  paper  presents  climatological  data,  and  weather  services 
available  for  the  Great  Lakes  and  the  St.  Lawrence  Seaway. 

27.  Haschke,  R.  E.  , editor.  Glossary  of  Meteorology,  American  Meteor 
ological  Society,  638  pp. , Boston,  Massachusetts,  (1959). 

Comprehensive  glossary  of  all  meteorology  and  related  phenomena. 
It  is  the  source  of  most  definitions  presented  in  the  Climate 
Appendix. 

2S.  Illinois  State  Water  Survey,  Summary  of  1966  Hail  Research  in 
Illinois , CHIAA  Research  Report  No.  33,  Urbana,  Illinois. 

This  report  provides  data  on  areal  extent  of  damaging  hail  in 
Illinois  and  analysis  of  hail  records  of  225  U.  S.  Weather 
Bureau  stations  in  Indiana,  Michigan  and  Illinois. 

29.  U.  S.  Weather  Bureau,  Weather  Bureau  Survey  Team  Report  of  Palm 
Sunday  Tornadoes  of  1965,  U.  S.  Department  of  Commerce, 
Washington,  D.  C. , (11  April  1965). 

30.  Michigan  Department  of  Agriculture,  Michigan  Snowfall  Statistics 
1-,  3-,  6-,  12-Inch  Depths,  Lansing,  Michigan,  (June  1968) 
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1.  Air  Mass  - A large  body  of  air  that  is  approximately  homogeneous, 
with  respect  to  its  physical  properties,  over  its  horizontal 
extent . 


2.  Climate  - A summary  of  all  the  weather  that  a specified  area  has 
experienced  during  a specific  period  of  time  (usually  several 
decades) . 

3.  Cloud  - A visible  aggregate  of  water  droplets  which  remains  more 
or  less  at  a constant  altitude  above  the  ground. 

4.  Cloudiness  - A ratio  of  the  amount  of  cloud  cover  experienced,  to 
the  total  amount  of  sky,  expressed  in  tenths. 

5.  Continental  Climate  - Climatic  conditions  that  have  not  been  in- 
fluenced by  large  bodies  of  water.  It  is  marked  by  large  annual, 
daily,  day-to-day  ranges  of  temperature,  low  relative  humidity 
and  generally  by  a moderate  or  small  and  irregular  rainfall. 

6.  Controlled  Weather  - Alteration  of  the  occurrence  or  the  lack  of 
occurrence  of  natural  phenomena  by  introduction  by  man  of  various 
artificial  means  and  devices. 

7.  Convective  Storms  - A storm  that  develops  from  a rapid  cooling  of 
relatively  warm  moist  air  which  rises  as  a result  of  surface  heat- 
ing. 

8.  Cyclone  - An  atmospheric  pressure  system  characterized  by  rela- 
tively low  pressure  at  its  center,  and  by  counterclockwise  wind 
motion  in  the  nothern  hemisphere,  clockwise  in  the  southern. 

9.  Dew  - The  deposit  of  moisture  on  exposed  surfaces  having  tempera- 
tures below  the  condensation  temperature. 

10.  Drought  - A variable  period  of  time  in  which  water  supplies  are 
less  than  water  damands.  In  meteorological  terms,  a drought  is 
expressed  as  a period  of  time  when  meteorological  phenomena,  e.g., 
precipitation,  evaporation,  temperature,  humidity,  wind  - are  such 
that  water  demands  are  not  met. 

11.  Fog  - A visible  cloud  formation  at  the  earth's  surface  comprised 
of  water  droplets,  dust,  or  smoke  particles,  or  a combination  of 

these . 

12.  Front  - Boundary  between  2 air  masses  of  different  densities. 
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13.  Hall  - A solid  form  of  precipitation  that  occurs  from  an 
oscillating  process  of  raindrops  being  swept  up  by  strong  air 
currents  into  regions  of  freezing  temperatures  while  collecting 
water  droplets  until  its  weight  exceeds  the  uplift  forces  of  the 
air  current,  whereupon  it  descends.  As  it  descends,  the  hail- 
stone begins  to  melt  until  its  weight  again  is  exceeded  by  the 
uplift  forces.  The  process  continues  until  the  weight  of  the 
hailstone  exceeds  the  uplift  forces  at  all  times  in  its  descent 
to  the  earth. 

14.  Hydrology  - The  composite  study  of  precipitation  including  its 
origin,  formation,  intensity,  duration,  distribution,  and  occur- 
rence . 

15.  Isohyet  - A line  depicting  equal  precipitation. 

16.  Isotherm  - A line  depicting  equal  temperature. 

17.  Maximum  Probable  Storm  - A storm  that  could  be  expected  from  the 
most  severe  combination  of  meteorological  and  hydrologic  condi- 
tions that  could  exist  in  a specified  area. 

18.  Meteorology  - The  study  of  any  component  of  the  earth's  atmosphere  - 
temperature,  precipitation,  solar  radiation,  wind. 

19.  Precipitation  - Includes  all  moisture  that  reaches  the  earth,  what- 
ever its  form  - rain,  snow,  sleet,  hail,  dew,  or  frost. 

20.  Relative  Humidity  - A comparison  of  the  moisture  content  of  the  air 
to  the  moisture  content  the  air  could  hold. 

21.  Semi-marine  Climate  - Climatic  conditions  that  have  been  influenced 
somewhat  by  large  bodies  of  water. 

22.  Sleet  - A combination  of  solid  and  liquid  form  of  precipitation  made 
up  of  ice  and  rain. 

23.  Snow  - A crystal  form  of  precipitation  that  occurs  from  a freezing 
of  water  vapor  particles. 

24.  Solar  Radiation  - The  quantity  of  energy  received  at  a specific 
location  from  the  sun. 

25.  Standard  Project  Storm  - A storm  that  could  be  expected  from  the  most 
severe  combination  of  meteorologic  and  hydraulic  conditions  that  are 
considered  reasonably  characteristic  of  a specified  area. 

26.  Storm  - An  atmospheric  disturbance  characterized  by  above  average 
winds  and  the  formation  of  precipitation.  It  may  be  accompanied  by 
thunder  and  lightning. 
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27.  Temperature  - A measure  of  the  degree  of  hotness  or  coldness 
above  an  arbitrary  zero  on  some  definite  temperature  scale. 

28.  Thunderstorm  - In  the  upward  air  currents  associated  with  con- 
vective type  storms,  large  raindrops  become  broken  up  and 
acquire  electrical  charges,  which  accumulate  until  the  poten- 
tial becomes  sufficient  to  cause  a lightning  charge  to  occur 
to  either  earth  or  another  cloud.  The  thunder  noise  has  its 
origin  in  the  violent  temperature  changes  accompanying  the 
lightning. 

29.  Tornado  - A destructive  rotating  column  of  air  that  originates 
from  rapidly  ascending  air  currents. 

30.  Weather  Forecast  - A sunmary  of  meteorological  conditions  that 
can  be  expected,  within  designated  periods  of  time,  based  on 
existing  meteorological  conditions. 

31.  Frost  - frozen  dew. 

32.  Rain  - Water  falling  in  drops  condensed  from  vapor  in  the 
atmosphere. 
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SUMMARY 


The  Grand  River  and  seven  major  tributaries  and  more  than  1,000 
lakes  comprise  the  major  portion  of  the  Basin's  surface  waters.  Vir- 
tural ly  all  data  collected  for  surface  waters  relate  to  streamflows. 
Streamflows  are  subject  to  daily  and  seasonal  variations.  Above  average 
annual  flows  are  generally  prevalent  during  the  late  winter,  spring, 
and  early  summer  months  of  February  through  June,  whl le  below  average 
annual  flows  are  generally  prevalent  during  the  late  summer,  fall,  and 
early  winter  months  of  July  through  January.  The  degree  of  variation 
in  streamflows  is  dependent  on  the  physiographic  and  climatic  conditions 
of  the  Basin  during  these  periods.  The  normal  daily  discharge  within 
the  Basin  is  about  0.5  cubic  feet  per  second  per  square  mile  of  drainage 
area  (c.f.s.m.).  Normal  daily  flows  within  the  Basin  vary  from  0.2 
c.f.s.m.  to  0.7  c.f.s.m.  The  Thornapple,  Rogue  and  Flat  Rivers  have  the 
highest  yields,  while  the  Look i ngg I ass , Maple  and  Red  Cedar  Rivers  have 
the  lowest  yields.  The  longest  period  of  sustained  be  low-average  annual 
flows  experienced  throughout  the  Basin  is  five  years.  Significant  Basin- 
wide flood  conditions  exist  when  about  1.5  inches  of  runoff  occur,  and 
normally  are  experienced  during  the  late  winter  and  early  spring  months 
of  February  through  April.  These  floods  occur  about  once  in  40  years. 
Localized  floods  are  normally  experienced  each  year  during  the  late 
spring  and  early  summer  months  of  May  through  July.  The  most  noteworthy 
Basin  flood  characteristics  are  that  the  Grand  River  peak  flows  at 
Lansinq  are,  for  the  most  part,  coincidental  with  the  peak  flows  from 
the  Red  Cedar  River  excluding  the  Portage  River  flows  and  the  runoff 
from  the  area  upstream  of  Jackson.  Grand  River  peak  flews  at  Lansing 
do  not  usually  contribute  significantly  to  the  peak  flows  at  Grand 
Rapids.  Periods  of  deficient  precipitation  and  low  flow  periods  coincide; 
low  flow  periods  exist  over  the  entire  Basin.  Evapotransp i ration  losses 
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normally  exceed  30  inches  per  year.  Infiltration  rates  vary  from  0.04 
inches  per  hour  to  0.18  inches  per  hour  during  the  late  winter  and  early 
sprinq  months  of  January  to  May.  The  infiltration  rates  vary  from  0.18 
inches  per  hour  to  over  1.00  inch  per  hour  during  the  late  spring  and 
early  summer  months  of  May  to  August.  The  existing  flood  forecasting 
system  for  the  Basin  appears  to  be  adequate  at  this  time.  Inclusion  of 
a water  resource  project  will  require  an  extension  of  this  forecasting 
system  for  the  efficient  and  safe  operation  of  the  project.  Fluvial 
sedimentation  rates  vary  considerably  throughout  the  Basin.  Stream 
bed  sediment  loads  are  not  excessive,  but  reservoir  sizes  and  shapes  are 
determining  factors  in  evaluating  reservoir  capacity  losses  due  to  deposi- 
tion of  fluvial  and  organic  sediments.  Sediment  accumulations  would 
probably  reduce  storage  capacities  by  15  to  40  percent  over  a 100  year 
period  in  medium  to  shallow  depth  reservoirs. 


I 


SECTION  I 
I NTRODUCT I ON 


1 . SCOPE 

Formulation  of  a comprehensive  plan  for  the  development  of  the 
waters  of  the  Grand  River  Basin  requires  extensive  data  on  the  several 
pertinent  subdivisions  of  hydrology  of  the  Basin.  These  subdivisions 
are: 

a.  Flow  frequency  of  instantaneous  flood  peaks. 

b.  Low  flow  rates  and  volumes. 

c.  Flood  and  low  flow  characteristics. 

d.  Surface  water  losses  due  to  evapotranspi ration  and  infil- 
tration . 

e.  Flood  forecasting  system  and  future  requirements. 

f.  The  origin,  movement,  deposition  and  trends  of  fluvial 
sed i ments . 

The  purpose  of  Appendix  D is  to  present  data  on  these  subdivisions 
that  are  sufficient  for  Basin  plan  formulation.  Also  presented  is  a 
description  of  the  Basin  Flood  forecasting  system  and  duture  necessary 
requirements  of  that  system. 

Inherent  in  this  appendix  is  a lag-in-time  between  the  period  when 
the  bulk  of  studies  were  made,  years  1964  to  1967,  and  completion  of  the 
comprehensive  study.  It  was  necessary  that  the  work  in  Appendix  D 
precede  the  comprehensive  planning  and  particularly  precede  the  single 
purpose  solutions.  Therefore  this  volume,  at  the  time  of  its  publication, 
did  not  include  data  generated  during  the  planning  process.  Text  on 
techniques  evolved  during  this  period  is  not  included  either. 

2.  DESCRIPTION  OF  THE  BASIN'S  SURFACE  WATERS 

The  Basin's  surface  waters  consist  of  numerous  streams  and 
lakes.  The  Grand  River  flows  northwesterly  from  its  headwaters  in 
Hillsdale  County  to  Lansing,  and  thereafter,  westerly  through  Grand 
Rapids  to  Lake  Michigan.  The  stream  bed  falls  460  feet  in  this 
260  mile  course.  The  entire  drainage  are  of  the  Basin  amounts  to 
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Table  D-l 


MAJOR  DRAINAGE  AREAS 


Drainage  Area 
at  Mouth  * 
(Square  Miles) 


Length  of 
River 
(Miles ) 


Elevations 
Headwaters  fouth 
(Ft.)  [Ft.) 


Average 
Slope 
(Ft. /Mile) 


rand  River 
j ue  River 
r'l  - 1 iDDle  River 


1 i water  River 
Mud  reek  * 

Flat  River 


3 irj  e Creek 
• t .Jreek  * 


5,572 


1,040 


i le  River 
Fi  : reek 

i IV  Creek 
'reek  * 


840  630 

1,000  645 


ingglass  River 


vra  Creek 


. 'edar  River 


amcre  Creek 
ian  Creek 
r Creek 


462 
110 
9 is  * 
16  ** 


960  820 

1,000  820 

920  840 

930  86C 


■nd stone  Creek 


1,000 


i ortaee  River 


re hard  Creek 


t^niTis  underlined  indicate  major  subbasins. 

” Determined  by  U.  S.  Army,  Corps  of  Engineers,  Buffalo  District 

■ ■■  At  gage . 


5,572  square  miles.  Seven  major  sub-basins  comprise  about  54  percent 
of  this  total  Basin  drainage  area.  They  vary  from  182  to  975  square  miles 
in  area.  The  remainder  of  the  Basin  is  drained  by  about  30  minor 
tributaries  whose  drainage  areas  range  from  2 to  103  square  miles. 

Data  concerning  the  drainage  sub-basins  are  presented  in  Table  D-l 
and  on  Plate  D-l.  There  are  more  than  1,000  lakes  quite  uniformly 
distributed  throuqhout  the  Basin.  Of  these,  26  have  surface  areas 
greater  than  200  acres  ana  comprise  about  30  percent  of  the  available 
30,000  acres  of  lake  surface  waters  within  the  Basin  (I).  Spring 
Lake  located  north  of  Grand  Haven  is  the  largest  lake  in  the  Basin 
with  a surface  area  of  925  acres. 


(I)  The  number  inserted  between  the  parentheses  refers  to  the 
bibliography  at  the  end  of  the  paper.  A particular  page  is 
referenced  by  a diagonal,  e.g.  (1/12). 
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SECTION  II 

HYDROLOGIC  DATA  RECORDS 


3.  AGENCIES  GATHERING  HYDROLOGIC  DATA 

The  U.  S.  Geological  Survey,  U.  S.  Weather  Bureau,  and  "the 
Michigan  Water  Resources  Commission  are  the  principal  collectors, 
recorders  and  publishers  of  streamflow  data  within  tne  Grand  River 
Bas i n . 

4.  DATA  AVAILABLE 

Virtually  all  significant  surface  water  data  collected  and 
compiled  are  for  streams.  Initial  records  began  in  1901  and  con- 
sisted only  of  peak  stages.  The  U.  S.  Geological  Survey  now  operates 
16  continuous-recording  stream  gaging  stations  within  the  Basin. 

Cont':  k rs-recording  stream  gages  measure  the  rise  jr.d  fall  of  surface 
water  elevations  with  respect  to  time,  thereby  indicating  instantaneous 
stream  discharges.  The  U.S.  Geological  Survey  stream  gage  stations  for 
the  Grand  River  at  Lansing  and  Grand  Rapids  are  the  only  two  continuous- 
recording  gages  that  operated  within  the  Basin  prior  to  1930.  In 
addition  to  the  continuous-recording  stream  gage  stations,  the  U.  S. 
Geological  Survey  operates  21  parti  a I -record  stations  within  the 

Basin.  Lew  anc  intermediate  discharne  measuremon+c  aro  I i /ed  I"  In- 

flow analyses  of  water  availability.  Streamflow  data  from  U.  S. 

Geological  Survey  continuous-recording  and  parti  a I -record  stations 
are  published  for  each  water  year  (1  October  thru  30  September  of  the 
following  year  (2)1.  In  addition,  the  U.  S.  Geological  Survey  has 
published  compi lations  of  streamflow  records  of  the  period  of  record 
through  the  1950  water  year  (3)),  and  from  1951  through  the  1960  water 
year  (4)1.  The  U.S.  Weather  Bureau  operates  three  telemark  gages 
in  the  Basin  and  utilizes  an  additional  three  U.S.  Geological 
Survey  gages  (on  the  Grand  River  at  Lansing  and  at  Grand  Rapids, 
and  on  the  Red  Cedar  River  at  East  Lansing)  to  make  instantaneous 
water  s.f  face  elevations  available  by  telephone.  The  U.S.  Weather 
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Table  D-3 

CREST  STAGE  GAGES 
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Bureau  also  operates  11  n<  s- recording  stage  gage  within  the  Bari-  f r 
f lood  forecast  i ng . Flood  stage  lata  In  rd  *'  . tagi 

the  U.  S.  Weather  Bureau  gages  at  Lai  rat  in  put  ished 

annually  (5).  Records  of  daily  stages  af  the  remaining  fine  ,t.:' ; 
may  be  obtained  from  the  U.  S.  Weather  Bureau  >e  ti  n Center  in  East 
i ng . U.  S.  Weather  Bureau  and  U.  S.  Geological  Survey  stre  in 
data  are  presented  in  Fable  0-2;  locations  of  th<  jag<  in  ■ 1 
D- 1 . The  Michigan  Water  Resources  Comm i s s i < • , ratior  wit 

certain  local  municipalities,  has  recently  in'  ailed,  r i ir  the 
process  of  i nsta  I I ing,  58  r<  f tag<  : • Ingham,  I tor 

Clinton  Counties,  near  Lansing.  The  primary  purf  e of  the  ■ 
i s to  prov ide  hi  g hw at e r m . r - f r < tab  I i sh i ng  f I I prof i 
gages  are  shown  on  Plate  D-2,  and  noted  in  Table  D-3.  Their  n-  rds 
may  be  obtained  from  the  Michigan  Water  Resource:  mmi  in  Lansii  : . 

5.  FUTURE  REQUIREMENTS 

Any  future  water  resour  e projects  in  the  Basin  could  include 

extension  of  the  existing  stream  gaging  pr  jr  im.  New  f<  tatioi 

installed  at  strategic  locations  will  be  needed  tc  preside  immediate 
and  concise  data  for  the  operation  of  the  reservoir  /stem,  w<  II 
to  provide  information  on  current  strear  conditions  throughout  the 
Basin.  The  number  and  location  of  future  gaging  stations  will 
deve loped  as  a part  of  the  operating  procedures  of  the  plan  of  develop- 
ment and  will  be  discussed  in  greater  detail  as  the  project  is  formulated. 

SECTION  I I I 
STREAMFL.0W 

6.  DEL  IN  IT  IONS 

Formulation  of  the  optimum  plan  for  water  resource  novel  ament 
requires  an  inventory  of  the  streamflow;  where  it  is  I :‘e<  , ‘ aw  ruef. 
there  is,  its  period  of  occurrence,  and  who" 

to  meet  i variety  of  needs.  Streamflow  i th<  til  f water  ft 

passes  a given  point  on  the  stream  in  a . if  time. 


t n • I iw  i <pn  i in  el  that  ibi  i ' ■ 

, ; • • ■ : • ■ juare  ml le  Ir  : ' 

• i In  enti rel v ' rur  ff  water.  ■ ff  water 

• • ! that  par o+a  I r i : i t t : ■ 

• . . - (7) . reci  pi  tat  ion  pr  freer 

mbinatior  f jr  ndwa+er,  bsurf  .and  iri  runoffs. 

• . . ■ r • ff  is  igni  f i ml  ii  fhe  jti  I izati  r ' ' ' -r 

urface  rur  : • : that  porti<  r f pr  ' f ; ' 1 ' not  penetr 

irfaci  rains  i r • ' I . verland  1 thr  r<  m.  it  url 

runoff  is  that  portion  of  precipitation  tt  it  penetrate-,  tne  .-.rface 

i lateral ly  through  ipper  oil  layer  thi  bream.  round- 

wal  • runoff  Is  that  port I r f pr  : tior  at  penetrat 

jrfa  , i nf  i I tratr  t the  water  table,  jr  Ii  ' ra< 

I flowsr  orrr  illy  r<  lit  f rorr  rfa  rur  ff . formal 

jre  i jally  a combination  of  subsurface  and  groundwater  rur  ff  . 

,,  f | ...  nsi st  of  vi  rtual  ly  r 1 . jr  • Iwal  r rui  f f . 
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7.  "AX  I MUM  STRF  AMFLOW 

The  maximum  recorded  discharge  for  the  ' rand  Fiver  at  -rand 
: 1t000  :.f.s.  in  March  J904.  The  n xin  irr  n rd<  3 peal'  • n- 

off  for  each  U.  S.  Geological  Survey  continuous  recording  streamfl  w 
tat  ion  wi  thi  n the  Basi  n i r nted  in  Tab  l<  - . ecorded  maximurr 
peat  runoff  rates  vary  considerably  within  the  • "■  ’ 

• : : ■ ■ v iry  from  1 4 . r . • ’ ■ ■ • . F. S .M.  for  ara In- 

inder  ( rare  ml  I . rded  maximurr  p rur  ff  rat 

ry  rt  5 C.F.S.M.  to  20  C.F.S.M.  for  the  larger  watersheds.  Maxin  irr 
runoff  rites  have  usually  occurred  during  the  late  winter  and  early 
spring  months  of  March  through  April  when  moderate  rainfall  amounts 
have  accompanied  variable  snowmelt  amounts.  Detailed  information 
concerning  maximum  flows  are  presented  in  paragraph  I , Analysis  of 
Flood  Periods,  of  this  Appendix. 
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I ^ 8.  NORMAL  STREAMFLOW 

There  are  several  methods  and  ways  in  which  normal  flows  are 
determined  and  expressed.  Mean  annual  flows  are  the  mathematical 
j average  of  the  monthly  mean  f iows  which  in  +urn  are  the  mean  of  the 

daily  average  flows.  Extreme  values  of  either  high  or  low  flows  greatly 
affect  the  mathematical  average  flow.  Recurrence  frequencies  are  not 
normally  associated  with  average  flows.  Mean  annual  arid  mean  monthly 
flow  statistics  provide  an  indication  of  the  amount,  distribution,  and 
; variation  of  Basin  runoff.  Mean  annual  flow  for  ouch  U.S.3.S.  con- 

tinuous recording  station  is  presented  in  Table  D-2.  Selection  of 
the  year  1945  as  a base  year  provides  a comparable  period  of  record 
from  which  to  inspect  variations  in  monthly  streamflows  throughout  the 
Basin.  Mean  monthly  flows  for  all  U.  S.  Geological  Survey  continuous 
recording  stations  are  presented  in  Table  D-4.  Examination  of  the 
average  annual  and  monthly  runoff  rates  reveals  that  the  Rogue,  Thorn- 
apple,  and  Flat  basins  have  the  highest  water  yield  streams  in  the  Basin. 

(The  mean  flow  rate  within  the  Basin  is  about  0.7  C.r.S.M.,  with  a 
maximum  average  annual  flow  rate  of  0.8  C.F.S.M.,  and  a minimum  average 
annual  flow  rafe  of  0.5  C.F.S.M.)  Estimates  of  the  variations  in  average 
Basin  runoff  are  made  from  streamflow  records  for  the  Grand  Giver  at 
Lansing  and  Grand  Rapids.  These  records  show  that  there  are  18  years 
when  below  average  annual  flows  occurred  mutually  at  the  two  stations. 

Individually,  these  records  show  22  years  of  below  average  annual  flows 
at  Lansing,  and  24  years  of  below  average  annual  flows  at  Grand  Rapids. 

I r,  contrast,  records  at  Lansing  show  14  years  of  above  average  annual 
flows,  while  Grand  Rapids  records  show  15  years  of  above  average  annual 
' flows,  with  12  of  these  years  common  to  both  stations.  The  longest 

period  of  continuous  below  average  annual  flows  common  to  both  stations 

is  5 years,  while  the  minimum  common  period  of  continuous  below  average 

annual  flows  is  one  year.  The  longest  common  period  of  continuous  above 

avernae  annual  flows  is  3 years,  while  the  minimum  common  period  of  above  j 

average  annual  flows  is  one  year.  The  Basin  average  monthly  flow  rates  ] 

range  from  a high  of  1.5  C.F.S.M.  in  March  to  0.3  C.F.S.M.  in  August. 
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Individual  station  monthly  maximum  ^ates  vary  from  1.3  C.F.S.M.  to 
1.9  C.F.S.M.,  while  monthly  minimum  rater  vary  from  9.1  C.F.S.M.  to 
0.5  C.F.S.M.  Normal  flow  is  the  flow  that  is  eaualed  or  exceeded  50 
percent  of  the  time.  This  statistic  provides  an  estimate  of  the  yield 
potential  of  the  various  streams  in  the  Basin.  The  flow  rate  that  is 
equaled  or  exceeded  50  percent  of  the  time  in  the  Basin  is  about 
0.5  C.F.S.M.  Flow  rates  that  are  equaled  or  exceeded  50  percent  of 
the  time  for  individual  stations  vary  throughout  the  Basin  from  a 
maximum  of  0.7  C.F.S.M.  to  a minimum  of  0.1  C.F.S.M. 

9.  MINIMUM  STREAMFLOW 

Recorded  minimum  discharges  for  the  Grand  River  at  Lansing  and 
Grand  Rapids  are  3 C.F.S.  * and  341  C.F.S.,  respectively.  The 
recorded  minimum  discharges  for  each  U.  S.  Geological  Survey  continuous 
recording  station  within  the  Basin  are  presented  in  Table  D-2. 

Recorded  minimum  daily  runoff  rates  vary  from  0.001  C.F.S.M.  to  0.131 

C.F.S.M.  for  streams  with  less  than  60  square  miles  of  drainage  area. 

Recorded  minimum  daily  runoff  rates  vary  from  0.002  C.F.S.M.  to  0.116 

C.F.S.M.  for  streams  that  drain  over  60  square  miles.  Minimum  re- 
corded streamflows  hive  usually  occurred  during  the  warm  summer 
months  of  July  through  September  when  extreme  durations  of  insignifi- 
cant precipitation,  that  have  extended  over  two  week  periods,  have 
occurred.  Most  minimum  discharges  recorded  within  the  Basin  occurred 
during  the  lowest  period  of  below  average  annual  precipitations 
recorded  since  the  stream  gage  station  began  collecting  streamflow  data. 
Low  flows  are  discussed  in  greater  detail  in  paragraph  14,  Analysis  of 
Low  Flow  Periods,  of  this  Appendix. 

1 0 . YIELDS,  DISTRIBUTION,  AND  VARIATION  IN  STREAMFLOW 

A low  flow  series  analysis  of  streamflow  data  provides  a measure 
of  streamflow  yields,  distributions  and  variations.  A flow-duration 
analysis  is  used  to  measure  the  yield  potential,  distribution,  and 
variation  in  stream  flows  throughout  the  Basin.  This  analysis  provides 


^Resulted  from  regulation  of  stream  in  Lansing 
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Table  D-5 


COMPARISON  OF  SUBBASIN  YIELDS  AND  VARIATIONS  IN  STREAMFLOW 


C.R.  U/S  Jackson  G.  K.  I'/S  E.  R. 


Red  Cedar  R. 


Com par i so" 

Look ingg lass  F.  ' it: In-.' 


Grand  R.  U/S  Jackson 
Greater  Yield 
Smaller  Variation 

Grand  R.  l’/S  Eaton  Rapids 
Greater  Yield 
Sma  Her  Va  r i a t i on 

Red  Cedar  R.  U/S  E.  Lansing 
Greater  YleU 
Smaller  Variation 

Look ingglass  R.  U/S  Eagle 
Greater  Yield 
Smaller  Variation 

Vapie  River  U/S  Maple  Rapids 
Greater  Yield 
Smaller  Variation 

Thornapple  K.  U/S  Hastings 
Greater  Yield 
Smaller  Variation 

Thornapple  R.  U/S  Caledonia 
Greater  Yield 
Smaller  Variation 

Flat  R.  U/S  Smyrna 
Greater  Yield 
Smaller  Variation 

Rogue  R.  U/S  Rockford 
Greater  Yield 
Smaller  Variation 


G.  R.  U/S  Jackson 
G.  R.  U/S  Jackson 


Same 

G.  R.  U/S  Jackson 


Same 

G.  R.  U/S  Jackson 


Thorn.  U/S  Hast. 
G.  R.  U/S  Jackson 


G.  R.  U/S  F..  R. 
. U/S  E.  R. 


C.  R.  U/S  E.  R. 
G.  R.  U/S  E.  R. 


G.  R.  U/S  E.  R. 
G.  R.  U/S  E.  R. 


Thorn.  t’/S  Hast. 
G.  R.  U/S  E.  R. 


Flat  R. 
Flat  R. 


Same 

Look! ngg lass 


Thorn.  U/S  Hast.  Thorn  U/S  Hast. 
Thorn.  U/S  Hast.  Same 


Thom.  U/S  Cald.  Thorn  l/S  Cald. 

Thorn,  U/S  Cald.  Thorn  l'/S  Cald. 


Flat  R. 
Flat  R. 


Rogue  R . 
Rogue  P. 


Rogue  R. 
Rogue  R. 


Rogue  R. 
Rogue  R. 


Rogue  R. 
Rogue  R. 


iiiorn.  U/S  Hastings 


Comparison 

Thorn.  U/S  Cald.  Flat  R. Rating 


Grand  R.  U/S  Jackson 
Greater  Yield 
Smaller  Vari.15.ion 

Grand  R.  i /S  1 .ten  Rapids 
Greater  v i • 1 4 
-v  al  1 er  Variation 

Red  Cedar  Tl.  C/S  E.  Lansing 
Greater  Y i. r ] d 
Smaller  Variation 

L.  ok  l-xgl.i  s R.  U/S  Eagle 
•.  r ter  V iei4 
Sailer  Variation 

Paplc  diver  U/S  Maple  Rapids 
• r-  iter  Yield 
f-  . 1 ler  Wui.itlon 


Th«  -n  ..ti'  ' . I/S  Hastings 

Grt  »tcr  "icid 
S il  l.  r ifi  >t  Ion 


Thorn.  U/S  Hast. 
Thorn.  I/S  Hast. 


Tn.y-  i-.  ?U  ' • l / S Caledonia 
• Vie] 

fa  j let  "if  it  ion 


Thorn  U/S  Hast.  Thorn  U/S  Hast. 
Thorn  U/S  Hast.  Thorn  tVS  Cald. 


Flat  P.  ' 'S  S • • rna 
c.reater  Yield 
a i ler  V.iri  .it  ion 


Flat  R. 
Flat  R. 


Thorn.  U/S  Hast. 
Flat  P.. 


Flat  R. 
Flat  R. 


rd 

Greater  Yield 
Smaller  Variation 


Rogue  R. 
Rogue  R . 


i horn.  U/S  Hast. 
Pogue  R. 


Rogue  R. 
Same 


Rogue  R. 
Rogue  R. 


‘ f *r*  • S*  ’m  * 


» 
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data,  based  on  the  period  of  record,  as  to  the  percent  of  time  various 
rates  of  flow  are  equaled  or  exceeded.  Flow-duration  relationships  for 
16  U.  S.  Geological  Survey  continuous  recording  stations  are  presented 
on  Plate  D-3  through  Plate  D-18.*  Generalized  hydrologic  information 
interpreted  from  these  relationships  consists  of  the  yields  and  vari- 
ations in  stream-flow.  Location  of  the  curve  in  the  upper  portion  of 
the  graph  paper  indicates  a high  yield  stream.  The  steepness  of  the 
slope  of  this  curve  indicates  the  degree  of  variation  in  the  extreme 
high  and  low  flows.  Comparison  of  these  characteristics  reveals  those 
areas  of  greater  yield  potential  and  stability.  Comparison  of  the 
flow-duration  relationships  developed  for  the  major  sub-basins  are 
presented  in  Table  D-5.  Results  of  these  comparisons  reaffirm  the 
previously  mentioned  estimate  that  the  Thornapple,  Rogue,  and  Flat 
rivers  have  the  greatest  yield  rates  in  the  Basin.  These  comparisons 
also  indicate  that  these  streams  are  also  the  most  stable  within  the 
Basin.  Low  and/or  high  flows  on  these  streams  are  experienced  less 
often  than  on  the  other  major  streams  in  the  Basin. 


I 


^Reference  to  Plates  D-3  through  D-18  includes  those  sheets  lettered 
A and  B for  the  respective  plate  numbers. 
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EFFECTS  OF  EXISTING  PROJECTS  ON  ST RE AM FLOWS 


11. 

Local  interests  have  developed  numerous  projects  within  the 
Grand  River  Basin  for  water  power  development,  flood  control,  water 
supply,  navigation,  and  irrigation.  The  extent  of  the  effects  of 
these  projects  on  surface  waters  are  generally  localized.  Except  for 
these  localized  effects,  the  Basin's  surface  waters  are  practically 
unregulated  even  during  flood  periods.  Descriptions  of  the  major 
projects  and  their  effects  on  surface  waters  are  presented  in  the 
following  paragraphs: 

a.  J ackson . The  Michigan  Center  Mill  Pond,  located  upstream 
of  Jackson,  is  used  to  control  spring  runoff.  In  the  1930's,  the 
City  of  Jackson  built  a concrete  conduit  through  the  downtown  area  +o 
contain  flood  flows  and  improve  general  conditions  in  this  reach  of 
the  Grand  River.  These  projects  have  only  local  effects  on  Grand 

Ri ver  f lows. 

b.  Eaton  Rapids.  Streamflow  at  Eaton  Rapids  is  affected  by 
three  dams  on  the  Grand  River  and  a control  structure  on  Spring  Brook. 

Two  of  the  Grand  River  dams  are  for  power  development.  One  of  the  dams 
is  about  2 miles  upstream  from  Eaton  Rapids,  at  Smithville;  the  other  is 
at  Eaton  Rapids.  The  third  dam  is  for  water  supply  for  scenic  purposes 
within  Eaton  Rapids.  The  control  structure  on  Spring  Brook  in  Eaton 
Rapids  is  for  power  development.  The  operation  of  these  facilities  has 
significant  effects  on  flood  and  low  flows  at  Eaton  Rapids. 

c.  Pi monda I e.  A low  head  dam  exists  at  Dimondale  for  power 
production.  The  structure  is  not  now  maintained  and  has  lit+le  effect 
on  Grand  River  flows. 

d.  East  Lansing.  A dam  which,  was  constructed  on  the  Red  Cedar 
River  at  Williamston  in  the  1880's  for  the  purpose  of  power  production 
is  now  unused  and  has  little  effect  on  flood  or  low  flews  at  East 
Lansing.  One  other  dam,  located  on  the  Michigan  State  University  campus, 
provides  water  for  cooling  at  the  University's  power  plant.  This  dam 
has  little  effect  on  flood  or  low  flows. 
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e.  Lang  i nq . An  earth  dike,  constructed  i n I93(  ah  _ . the  P*-d 
Cedar  River,  protects  low  lying  areas  from  all  but  r ijor  fie  . 

Drainage  is  provided  for  the  diked  landward  are  > t . st<  m it<  r : -r:  , 
which  were  installed  after  the  1947  flood.  There  are  twe  dams  located 
on  the  Grand  River  in  Lansing  for  power  production . op---  darr  h :vt 

only  local  effects  on  Grand  Fiver  flows. 

f.  Grand  Ledge.  There  is  a low  head  dam  in  Grand  Ledge,  f r 
water  supply  for  sanitation  purposes.  The  dam  has  only  s minor  effe  1 
on  the  Grand  River  flows. 

g.  P rtjand.  A dam  for  power  is  located  or  the  Grand  River  ib  ut 

4 mi  | os  downstream  from  Portland.  The  t ly  1 1 • ffe  * 

Grand  River  flaws. 


h.  Lyons . A low  head  dam  for  power  is  located  on  the  Grand  River 
at  Lyons.  If  has  only  minor  effects  on  Grand  River  flows.  The  largest 

structure  r th<  Grand  River  is  at  Webber  bout  six  miles  upstream  from 
Lyons.  The  operation  of  this  dam  has  significant  effects  ■'  Grand  'ver 
flows  at  Lyons. 


i.  Low  l i . A dam  f :r  power  is  located  in  Low ell  on  the  Flat 
River  just  up;  fream  from  its  confluence  with  the  ''rand  River.  The  dam 
1 . i jnifi  ml  ffe  fs  n Tint  f-i ver  flows  in  Lowell.  T*e  significance 
of  these  effects  is  especially  dependent  on  the  coincidental  Grand  River 
f ! ows. 


1.  ;■  ir.s  nn  Thornapple  River.  Several  dams  exist  or,  the  Thornapple 
River  for  power  development.  There  is  no  known  operating  plan  for  floods 
for  this  system;  thus,  it  i;  assumed  that  the  pools  are  maintained  as  high 
; ill  , r<  havi  I i 1 * l<  effect  on  f I oed  f I ows . The  system 

ignificant  eft  > -ts  on  normal  and  low  flows  from  the  Thornapple. 

- . r »nd  Rap  id,.  A dam  f r power  is  located  in  Grand  Rapids  on 

^he  rand  i.er  and  has  mly  local  effect  on  Grand  River  flows.  A 
‘I  d pr  t'jc*  ' n system,  constructed  after  the  1904  and  1905  floods  in 
Grar  ! s;  : Is,  r n .1  ,ts  of  *loodwalls  and  embankments  on  both  banks  of 
the  r'jcr,  and  the  diversion  of  sanitary  and  combined  sewers  to  the 
ewag  eatment  Plant.  All  f lood  protect i on  faci I ities  are  above  the 
rd  1904  higl  watei  tage:  . This  system  has  significant  effects  an 
■ r mi  Ri  ot  flow  in  the  Grand  Rapids  area. 
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l.  Agricultural  Drains.  Flow  increase  in  the  major  streams 

as  poorly  drained  agricultural  areas  acquire  impr./ed  drainage  facilities. 
N-  significant  effects  in  the  runoff  characteristics  of  the  map  r streams 
in  the  Basin  are  evident  as  a result  of  the  various  improvements  mude 
in  the  agricultural  areas  in  recent  years. 

m.  Navigation  Projects.  A navigation  project  exists  from  Lake 
Michigan  up  the  Grand  River  about  18  miles,  and  maintains  a project 
depth  of  8 feet  to  Bass  Island,  a distance  of  14-1/2  miles.  This 
project's  backwater  effects  do  not  extend  up  to  major  drainage  areas 
located  upstream  of  Grandvil le. 

n.  Water  Supply  Facilities.  The  City  of  Rockford  obtains  its 
water  supply  from  the  Rogue  River.  With  the  exception  of  Grand  Rapids 
and  Grand  Haven,  other  water  supplies  in  the  Basin  are  obtained  from 
groundwater  aquifers.  Grand  Rapids  and  Grand  Haven  obtain  their  water 
from  Lake  Michigan.  Any  depletion  of  streamflow  by  withdrawal  from 
these  aauifers  is  not  considered  significant  under  present  conditions. 
However,  it  is  estimated  that  Grand  River  flows  at  Jackson  and  Lansing 
would  be  depleted  by  15  c.f.s.  and  54  c.f.s.,  respect i ve  ly , by  the 
projected  future  use  of  present  groundwater  resources. 

12.  STREAM!- LOW  ROUTING 

Runoff  from  a drainage  basin  is  determined  by  climatic  and  physio- 
graphic factors.  The  major  climatic  factors  are  precipitation,  inter- 
ception (vegetation  species,  season  of  the  year,  size  of  storm), 
evaporation,  and  transpiration.  Major  physiographic  factors  are  basin 
characteristics  (size,  shape,  slope,  land  use  and  cover,  soil  type)  and 
channel  characteristics  (size,  slope,  length,  roughness).  Streamflow 
routing  is  the  procedure  whereby  the  time  and  magnitude  of  flows  of 
a stream  are  determined  for  a particular  location  from  the  known  or 
estimated  climatic  and  physiographic  conditions  at  one  or  more  points 
upstream  (9/1).  Reservoir  routing  is  the  procedure  whereby  the  modifying 
effects  on  inflows  by  a reservoir  are  determined  from  the  known  or 
estimated  hydroqraphs  upstream  and  downstream  of  the  reservoir. 
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Routings  utilized  i ■ ! ' i >tudy  ar<  iescri bed  if  letai  I ir  rand  River 
Basin  technical  Paper  No.  1 - treamfiow  ind  Reservoir  uting  (10). 

Method1:,  used  in  thi  study  ire  summarized  in  the  following  p jragraphs. 

u.  Pouting  of  natural  streamflow  anj  reservoir  releases.  -nree 
factors  have  significant  effects  cn  natural  streamflow  and  reservoir 
releases,  namely,  hydraulic  structures,  valley  storage,  and  c nveyance 
factors.  In  this  study,  hydraulic  structures  are  limited  t those 
that  have  the  ability  to  significantly  influence  ft  frean  regimen  ('I). 
Valley  storage  is  the  combined  channel  storage  and  cut  f bank  st  rage, 
which  includes  the  natural  flood  plain  of  the  channel  (12/5).  The 
conveyance  factor  is  a measure  of  the  volume  change  that  occurs  when 
water  flows  from  an  upstream  point,  to  a downstream  p-  int,  disregardir.q 
local  inflow.  This  factor  is  a function  of  evaporati  r : - , 

transpiration  losses,  irrigational  losses,  seepage  losses,  and  the 
addition  of  rainfall  and  ir 'undwater.  The  effe  f : * if  these  jmponent 
have  on  flows,  is  dependent  on  several  factors  of  which  the  magnitude 
of  flow  is  the  most  important.  Two  periods  of  stream  rou+ino  are 
significant,  rimely,  flood  periods  and  low  flow  periods. 

(1)  Routing  of  flood  flows.  The  causes  differ  from,  area 
to  area  within  a Basin.  The  variations  in  rainfall,  moisture  cor idfti  ns, 
rn  riei  t ition,  and  runoff  characteristics  of  the  numerous  basin  suo- 
an  is,  necessitate  a somewhat  detailed  analysis  of  the  Basin's  floe 
character i 5 f i cs  in  order  to  route  flood  flows. 

(a)  Rcutinq  of  unregulated  flows  during  flood  periods. 

ressive  average  1 aa  method. 


The  progressive  average  lag  me+hod  (9)  of  flood  routing  provides  adequate 
initial  flood  flow  data.  This  procedure  requires  a minimum  of  input  data 
ir  : provide  re  nabie  results.  Input  data  consists  of  the  known  or 
- )|  jlated  flood  hydrograph  jt  one  or  more  prints  upstream  and  an 
estimate  of  the  travel  time  to  the  downstream  point  of  interest.  The 
Known  hydrographs  are  recc  k I flood  hydrographs.  Calculated  hydro- 
graphs  ire  developed  from  application  of  rainfall  excess  amounts  to  unit 
hydrograi  I . i he  act  ira(  I d by  routing  runoff  from  3 known 
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itorm  me  reproducing  a recorded  hydrograph.  This  method  ipproxi mates 
the  modifying  effect-,  of  downstream  reaches  on  flood  hydr-  graphs  by 
averaging  successive  flow  . Tne  number  of  flows  averaged  is  determined 
by  trial  and  error  until  a .atisfactory  agreement  is  obtained  between 
the  computed  and  recorded  hydrographs.  The  inflow  durations  were  averaged 
3nd  were  found  to  be  n rma I I y from  three-quarters  to  twice  the  travel 
time. 

1_.  A sumptions. 

a_.  Most  of  the  existing  dams  in  the  Basin 
are  for  generation  of  electricity  or  for  cooling.  It  is  assumed  for 
the  routing  that  the  pool  elevations  for  these  dams  are  at  all  times 
maintained  as  high  as  possible,  ' a their  effects  on  flood  flows  are 


b_.  The  calculated  hydrograph  resulting  at  tne 
downstream  pc  i nt  shows  the  increased  flow.  This  includes  the  effect  of 
the  val  ley  storage  in  the  reach. 

c_.  Conveyance  losses  are  not  considered  important. 
.'Comparison  of  these  losses  ^o  flood  flows  indicated  that  these  losses 


■ ■ • in  i nr  i * : : in t . 


The  relationship  between  unrouted  and  routed 


discharges  applies  all  equai  time  periods. 

(b ) Routing  of  reservoir  releases  during  flood  periods. 

_1_.  Explanation  of  method.  Reservoir  releases  are 
constantly  made  during  flood  test  periods.  The  data  required  for  these 
routings  are  the  amounts  of  reservoir  releases  and  the  travel  times 
from  the  reservoir  to  the  downstream  point  of  interest. 

2.  Assumpt i ons . 

a^.  Existing  structures  on  the  stream  have  no 
significant  effect  on  the  water  flow.  Since  nearly  all  dams  on  the 
sfream  in  '-he  Basin  are  *or  power  development  or  for  cooling  purposes 
their  p ...  I elevations  are  assumed  to  be  as  high  as  possible,  so  their 
ef feels  '.n  flow  are  minor. 


» 


I 
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b_.  Valley  storage  effects  or;  streamflow  are- 
insignificant.  The  valley  storage  volume  is  small  in  comparison  t' 
the  large  volumes  of  water  released  during  floods. 

c.  Conveyance  losses  are  insignificant. 
Comparison  of  conveyance  factors  to  flood  release  rites  indicated 
minor  effects  on  reservoir  releases. 

(2)  Routing  of  norma  I and  low  str-..;i-  ‘ I y.  . mponen+i  f 
normal  and  subnormal  climatic  periods  are  fairly  uniform  throughout 
the  Grand  River  Basin  (13).  General  descriptions  given  for  the  Basin 
(8)  indicate  fairly  uniform  physiographic  characteristics  throughout. 
Because  the  factors  that  produce  normal  and  low  flows  do  not  vary 
greatly  in  the  Basin,  a detailed  analysis  is  not  necessary  in  deter- 
mining expected  normal  and  low  flows  from  the  several  areas.  The 
effects  of  the  existing  structures  on  normal  and  low  flows  are 
unimportant.  Most  of  the  dams  on  the  streams  are  small  and  are  for 
generation  of  electricity  or  for  cooling.  If  is  assumed  that 
the  pool  elevations  would  be  maintained  as  high  as  possible  at  all 
times,  and  would  thus  have  little  effect  on  strearrf I ows . The  effects  of 
valley  storage  and  conveyance  factors  could  be  significant  on  stream- 
flows,  especially  during  low  flow  periods.  These  effects  are  evaluated. 

(a)  Routing  of  unregulated  streamflows  during  normal  and 
low  f low  periods. 

J_.  Explanation  of  method.  Conveyance  losses  are 
considered  significant  during  normal  and  low  flows.  Their  effect  on 
streamflow  is  considered  by  the  following  procedure.  Conveyance  losses 
in  a stream  reach  are  equal  to  the  summation  of  losses  due  to  the 
irrigation,  seepage,  groundwater  and  evapotranspi ration,  less  gains 
due  to  rainfall. 


2.  Assumptions . 

a_.  Channel  cross  section  is  uniform  throughout 


its  length. 


b_.  Average  monthly  rainfall  and  evaporation 
amounts  occur  for  the  period  tested. 
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£.  I rrigat i ona  I d< wnand!  est in  i • . the 

Soil  Conserva+ion  Service  occur  for  the  period  tested. 

_d.  Transpiration,  seep.-!  ji  ir  : ••  it  h r 
factors  estimated  by  the  Corps  f Engi neer  :ur  for  thi  • • 
tested. 


( b)  Routing  of  reservoir  releases  during  r-.rr  :|  3rd  I rw 

flow  periods. 


J_.  Explanation  of  method.  Val  ley  storage  and 
conveyance  losses  are  considered  significant  on  flow  during  reservoir 
releases.  Conveyance  losses  are  calculated  by  the  following  procedure. 
The  additional  reservoi r release  necessary  to  compensate  for  conveyance 
losses  in  a reach  is  equal  to  the  summation  of  losses  due  to  irrigation 
withdrawals,  seepage  into  groundwater,  and  evapotranspiration,  less  gains 
due  to  rainfall.  This  estimates  the  additional  water  releases  necessary 
for  downstream  needs;  it  also  measures  the  effect  that  these  volumes 
would  have  on  the  reservoir  water  levels. 

2_.  Assumptions. 

a_.  Channel  cross  section  is  uniform  throughout 
its  length  from  the  reservoir  to  the  downstream  point  of  interest. 

b_.  Average  monthly  rainfall  and  evaporation 
amounts  occur  for  the  period  tested  and  are  uniformly  distributed  alonq 
the  stream. 


£.  Irrigation  demands  estimated  by  the  Soil 
Conservation  Service  are  made  for  the  period  tested. 

d_.  Transpiration,  seepage  and  groundwater 
factors  estimated  by  the  Corps  of  Engineers  apply  during  the  period 
tes fed. 


b.  ^outing  of  flows  through  a reservoir  system.  Routing  of  flows 
through  a reservoir  system  depends  on  many  factors,  of  which  the  magnitude 
of  flow,  size  of  reservoirs,  downstream  channel  capacities,  the  ability  of 
the  reservoirs  to  make  releases,  the  number  of  reservoirs  in  the  Basin 
system,  and  the  desired  flew  at  a downstream  point  of  interest  are  most 
important.  The  routing  procedure  selected  is  governed  to  a great  extent 
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on  the  type  of  data  aval  labh  for  • f thes<  • i . hi 

edure  elected  » I s<  iepends  ■ fhi  pur;  e f i wl  I th<  r it  i ng 

ore  to  be  perfc irmi id.  w peri  Js  of  i ut  ing;  iri  ' " ' rtant,  namely, 

flood  periods  and  low  flow  periods. 

( 1 ) Flood  rout  i ng  through  a re'.erv  . i r ter. 

( a ) Flood  r out  ins  through  s i ■ : I • ■ r- per  vs  i r . 

J_.  Graphical  method. 

a_.  Explanation  of  met*  Eh  is  meto  i re- 

in  si  ippr  ximati  iff  low  hy dr  : r i r<  er\  i • , I ed  i t hi 

■ r a je-capaci f i.  ind  ut I et  fa  i I i t ie  of  . ' • . >1  required 

consist  of  an  outflow  hydrograph  at  the  reserv  ir,  thi  if  ontr  I h 
hydrograph  downstream  of  the  reservoir,  the  st  r ige-<  icit\  f t! 


reservoir  and  travel  times  from  the  reservoirs 


the  lowr  f rean  ireas. 


By  ; h : meti  a series  of  non-damaging  flows  i ilcula+ed  wi+t 

uncontrolled  area  < f flow  downstream  of  the  reserve  ir.  Wher  thi  f • i I 
storage  required  exceeds  the  storage  available  if  i+e,  u+flow 
increased  uniformly  unti  I the  actual  storage  aval  table  i r t excec  :• 

b^.  Assumpti  ons. 

1.  Storage  capacitie  ideauate  for  the 
selected  floods  are  avail  ible  it  each  reserv  ir. 

2.  Outlet  facilities  are  capable  of 
discharging  computed  releases. 

( b ) Route  s of  H'V'I  fkw  ,hr-u.:'  i n :'i'vfl  ~ y o-r. 

J_.  : I : ■ • ~ i ; f " e t h d . Wl  ■ the  obje t 

operating  plan  of  a reservoir  sy  tern  i s to  limit  flood  f low^  to  non- 
damaging rates  at  selectee  locations,  reservoir  releases  are  set  it 
these  non-damaging  rates.  Routings  of  test  f lor  : f I ‘hr  jgh  the 
ervoir  system  are  then  n.j de  in  an  attempt  f rr  iir  : 0"  thes<  • n- 
: iging  rates  i long  as  condi tier  r : pe'-fortr  » ze  of  the  reservoir 

system  d<  not  become  objectionable.  When  conditi  ns  and  characteri 
of  the  system  and  Basin  become  objectionable,  releases  arc  made  that  in 
the  safety  of  the  reservoir  system  from  failure.  Data  required  in  this 
routing  procedure  consist  of  inflow  hydrographs  at  the  reservoirs,  the 
ntro I led  irea  hydr  jrapl  it  ■ 1 selected  i nde>  int  . t 1 - forage 


f — •• 


volume1',  available  ■ n the  re  - : ••  , Hie  ■■  <imun  ill  wabli  II  hargi 

: t in  index  point,  strean  hr  ■ bel we  - ervoi n n d I r ie • 

i nt,  and  inni  il  : e lownstrean  f the  reservo  I rs . 

premises  .pon  which  this  method  is  primarily  based  can  be  stated  as 
follows.  The  downstream  point  of  interest  determines  the  allowable 
storage  in  downstream  reservoir  and  li  its  the  allowable  r -lease  raTes 
from  the  upstream  reservoirs;  the  releases  from  upstream  reservoi rs 
ire  also  determined  from  reservoir  inflows  and  storages  avail  it  le. 

An  interior  reservoir  is  any  reservoir  that  has  a reservoir  located 
bream  from  it.  An  exterior  reser  • : ne  that  does  no*  have  a 

reservoir  located  upstream  from  it. 

2.  Assumptions. 


a . im  jt  let  ire  t it  |<  f making  mputed 


r-j  ! eases , 


b_.  Channel  flow  i r r t s i nn  i f i cant  I y affected 
by  existing  structures,  conveyance  losses,  and  vail  . * ige. 

c.  ervoir  storages  are  net  significantly 
affected  by  evapotranspi ration  or  direct  rainfall. 

d_.  Reserv  ir  r l<  i ti  ivel  times  are 
similar  to  natural  rravel  times. 

e_.  Reservoir  inflow  and  releases  remain 
constant  for  a Time  interval  equal  to  the  time  period  of  the  hydi-ograph 
ordi na  fes. 


The  total  reservoir  flood  control  storaae 


is  available  when  flood  routing  is  initiated. 


( 2 ) Ro utinq  of  normal  and  low  rlows  throuqf  a res e rvo i r 


‘em. 


(a1  Exploration  of  method.  During  routings  of  normal 
ir  I low  flows  through  a reservoir  system,  the  amount  of  flow  under 
study  is  maintained  at  selected  downstream  locations  as  long  as  con- 

ind  hai  cteristics  f the  Basin  permit.  When  unsuitable  con- 
ditions develop  releases  arc  made  from  other  reservoirs  to  correct  any- 
thing unsatisfactory  at  tne  downstream  locations  of  interest.  Should 


f *.r./  . Y'4  • * . 


snd  the  reserv  ystem  b<  .•  able  tc  meet  these  demands, 

it  i noted  an  a peri  < at  1 s factory  [ < 1 ht  reset 

/stem.  ita  rt  t th  i • it i 3 pr  edure  ns  i st  ; i • f I 

hydi  jrapt  il  rt  it  , th<  incontro I I ed  area  hydt  rapt  si 

inde>  l i ' : ■ , the  1 rage  svai  lable  : 1 the  n r\  : r , the  mini- 
mum a 1 lowable  di  hargt  it  index  I t ions,  rai nfa 1 1 and  evapotrans- 

p i rat  ion,  ■ I 1 • ■ . to  rage  and  nveyance  I es . remi  st  jpon  whi  cf 

• ■ ’ . mett  ' is  based  can  be  stated  as  f ! ’ : '•  J wns+rt  in  1 

f interest  determines  the  minimum  allowable  re  leas,  s £r  r'  th 

reservoirs  immediately  upstream;  the  available  stor  - > it  : • teri  t 

■ • . i ■ I imi  ts  tht  max  imun  re  I < rati  f ron  th<  . . treat 

reservoirs;  and  the  releases  from  the  exterior  reser/  i rs  are 

i ned  f r tt  tht  maximum  ill  wab  It  relt  tht  iownstn  n t • st  1 . rs, 

reservoir  inflows,  and  >t»  rages  av  i I ible. 

( b ) Ass  urr.pt  ions 

1.  jsn  d :ta  is  not  available,  the  reservoir  is 
represented  by  a ri  :ht  triangular  prism. 

■ ly  rainfa I I and  evaporatior  acur 

• • the  rer:  j testt  r nd  art  iniformly  distributed  over  the  reserve  i r . 

3.  ransp i ration  factor  hi mated  by  the  Corps  f 
Engineers  applv  for  the  period  tested. 

Demand  rates  estimated  by  the  Federal  Water 
Pollution  ntr  1 Jmini  tration  apply  during  the  period  tested. 

5_.  Physical  data  on  reservoirs  compiled  by  the  Corps 
of  Engineers  (13)  are  applicable. 

eepaat  t it  H rt  erv  it  art  negl  igil  e. 

13.  ANALYH  I , OF  FLOOD  PE-  I 'DF 

j . 3enera I . I 1 Ri ver  basir  rt  ■ re  ult 

ther  f ronta  I r i v<  li  r mat  types  of  rain  storms . Fi 

:•  .....  ....  frontal  type  usually  occur  in  the  < • 

• Mar  ■ it  I Apri  I w het  t jt  md  1 ri  is  near  ly  itut  I 1 snd 

...  cover  exists.  The  1904,  1947  snd  I >48  fl  resulted  from  the 
occurrence  of  this  type  of  storm.  F loods  produced  from  convect i ve  air 
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DATA  FOR  GRAN!)  RIVER  MAJOR  FLOODS 


U.  S.  Geological  Survey 
Gage  Location 


( 1)  Flood  Stage,  feet 
Related  Discharge,  cfs. 


E.  Lansing 
[Red  Cedar  River) 

832.0 
2,  300 


Lans inv 
(Grand  River) 

819.0 

10.000 


Grand  Kapi ds 
(Grand  River) 


A0 3.  7 
27,000 


190.  Flood 

Staee  - Ft . 

8 37. S 

82  3.. 

610.0 

Discharge  - C.F.S. 

8,000 

24, 500 

54,000 

Volume  - Inches 

3,33 

3.  50 

2.0* 

Duration  - Days 

6 

6 

10 

1903  Flood 

Staee  - Tt. 

8 34 . 7 

820.  3 

609.* 

Discharge  - . F. S. 

4 , 900 

12,800 

*0,200 

Volume  - Inches 

1.83 

1 .45 

2.04 

Duration  - Days 

4 

4 

7 

19*7  Flood 

Stage  - Ft. 

835.  9 

822. 5 

606.8 

Discharge  - C.F.S. 

*,900 

16, *00 

38,600 

Volam.  - Inches 

1.54 

1 . 38 

1 . 33 

Duration  - Days 

3 

5 

19*8  Fi ood 

Stage  - Ft. 

= 3-.  9 

820.0 

607 . o 

Dischar • e - C.F.S. 

4,960 

12,000 

*2,200 

Volume  - Inches 

1.3c 

1 .08 

1.46 

Duration  - Days 

3 

1 

5 

' 1 ) Also  n vn  as  M 't  t*o  Dar.  • e El  ovation  and  Discnar^e 

It 

(?)  Length  of  time  above  flood  stage 

U|  - 

n isa  st  rm>;>  usual  ly  ^ cur  it  * he  umrrer  ff  a * ‘ s : r*  .ulT  of  very 

higl  ■ infall  in  ints  vei  ■ t : .•  . • r I er i : < time,  Wltl 

f he  except i * ••  • . • 1 • f I 1,  thi  f storm  is  I 1 1 i zed 

that  n ly  a re  I at  I vel y ma 1 1 area  I . t t 1 f I i Pasl 
rds  indi  . ■ , that  " ■ jrrei  f seven  in-w  1<  f I ling 

1 1 • , . . , is  more  I i kely  than  * h e jrrer  • f ‘ 1 : 1 - : 

from  convective  ilr  ma  s forms.  evlck . . Weather 

iureau  nd  . . ■ ' i ' irvey  n rd  ■■■•'■  indi  it<  that  witf 

rho  ex  cep  t i n f f ' - J jr  • |90‘  storm,  maximum  n-  r d ; rt-r  i p i * : • i n 
rates  snd  ->r..  .into  within  the  Basin  ire  nr*  ass-  i .to f with  jnusuall. 

• ( f ream  di  harges . Important  parametei  f f J ire  the  f I J 

• ( . maximun  ii  harge,  thi  I um<  f * w , nd  thi 

...  . rti  nent  f I 1 data  for  the  f I :■  f I • 4 , ■ , ! - • 

nd  1948  • ; • I ng,  j rand  r k ribed  ii  the 

following  ragra : ndlx,  and  resented  in  Tab l<  -6. 

r I Dod  prof  i les  for  tl  f I f ' > » , 1 , • ; 1 ■ * n thi  rand 

and  Red  ledar  rivers  are  srvwn  n P I ate  •• 
b . - ;M  o f I f * -e  ~ f 

<11  fj ; l ■ . • •’  ■ f Ward  1904  i 

..  ,test  f I : f n rd  if  the  entire  Basin.  M rt  ind  f pre- 

itati  i frontal  form  moving  r thi  reat  Lake  fel I on 

the  Basin.  This  rainfall  • mj  nil  1 by  r .pi d me  1 1 f excessive  snow 
ver  i r thi  headwater  irea  f thi  ed  Cedai  ■ r basir  pt  Juced  thi 
j ndlti  ns . Re  r J • f i tage  ind  disci  rges  were  ^ '^ret  and 
recorded  at  nearly  all  maj  r itiei  I ited  downstr  in  f Lansing.  The 
m ixirnum  discharge  for  this  flood  was  54,000  c.f.S.  for  th<  f i i "'ver 

at  Grand  Rapids.  A runoff  vc  I jme  of  3.5  inches  was  determini 

ing  ind  i .0  inches  at  Grand  Rapids.  The  durations  of  river  star 
ibove  flood  stage  were  about  6 days  a+  Lansing  and  abou*  10  davs  at 
Grand  Rapi ds. 


(2)  Flood  of  June  1905.  The  flood  of  June  1905  is  the 
second  greatest  flood  of  record  in  the  entire  Basin.  High  flood 
stages  were  recorded  at  most  major  cities  as  a result  of  runoff  from 
intense  wide-spread  thunderstorm  activity.  A record  Basin-wide  average 
precipitation  amount  of  4.6  inches  was  determined  for  the  Basin.  The 
discharge  for  the  Grand  River  at  Grand  Rapids  of  50,200  c.f.s.  nearly 
equaled  the  maximum  discharge  of  54,000  c.f.s.  recorded  in  March  1904. 
Runoff  volumes  of  1.5  inches  and  2.0  inches  were  determined  for  the 
Grand  River  at  Lansing  and  Grand  Rapids,  respectively.  The  duration 

of  river  stages  above  flood  stage  was  3 days  at  Lansing,  and  7 days  at 
Grand  Rap i ds . 

(3)  Flood  of  April  1947.  During  the  middle  of  March  1947, 
snow  fell  to  an  average  depth  of  9 inches  over  the  entire  Basin.  The 
temperatures  remained  at  freezing  during  the  remainder  of  the  month.  A 
frontal  storm  moved  into  the  Basin  the  first  week  in  April.  Rainfall 
amounts  were  moderate  to  heavy  and  were  centered  in  the  headwater  area 
near  Jackson.  Temperatures  were  in  the  60's.  As  a result  of  the  rain- 
fall and  accompanying  snowmelt,  serious  floods  occurred  in  the  Basin. 

A maximum  discharge  of  38,600  c.f.s.  was  recorded  for  the  Grand  River 
at  Grand  Rapids.  Runoff  volumes  ranged  from  1.4  inches  at  Lansing  to 

1.3  inches  at  Grand  Rapids.  Flood  durations  above  flood  stages  varied 
from  3 days  at  Lansing  to  5 days  at  Grand  Rapids. 

(4)  Flood  of  March  1948.  The  last  major  flood  experienced  in 
the  Basin  resulted  from  a combination  of  snowmelt  and  moderate  rainfall 
centered  near  Lansing.  About  10  inches  of  snow  fell  on  the  Basin  two 
weeks  prior  to  rainfall.  Most  of  the  snow  remained  on  the  ground  as 
temperatures  stayed  below  freezing.  Then  an  average  precipitation  of 

2.4  inches  fell  on  the  entire  Basin  while  temperatures  rose  to  the  60's. 
It  is  interesting  to  note  that  Grand  River  flood  stages  reached  from 
this  flood  were  greater  downstream  of  Portland  than  the  stages  of  the 
April  1947  flood,  while  upstream  of  Portland,  Grand  River  stages  were 
less  for  the  March  1948  flood  than  for  the  April  1947  flood.  The  greater 
discharges  for  the  Grand  River  downstream  of  Portland  during  the  March 
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1948  flood  are  explained  by  the  greater  rainfall  .if  ants  experienced 
downstream  of  Lansing  during  the  "ar.  1948  store  oimpared  t the  April 
1947  storm.  It  is  also  noted  that  the  42,700  c.f.s.  rr  ixirr  in  it  Srar  j 
Rapids  for  the  1948  flood  occurred  about  IP  hours  earlier  from  -‘•he 
midpoint  of  rainfall  excess  than  the  1947  flood  maximum.  This  indicates 
that  the  critical  :,torm  pattern  for  the  Grand  Rapids  area  was  centered 
downstream  of  Lansing.  Runoff  volumes  varied  fr  1.1  inche^  at  Lansing 
to  1.5  inches  at  Grand  Rapids,  flood  stages  were  exce<  Jed  it  lit  I day 
at  Lansing  and  about  5 days  at  Grand  Rapids. 

c.  Routing  of  flood  flows.  The  April  1947  and  "arch  1948  fields 
were  analyzed  in  deta il  by  flood  routing  studies.  ; 1 ) hydrograph j 

recorded  at  various  locations  within  the  Basin  were  satisfactorily  re- 
produced using  the  progress i ve-averjge- I ag  method  r 1 flood  routine.  A 
description  of  these  two  flood  routings  are  presented  in  the  fc  I I • « : - a 
paragraphs. 

(1)  April  1 947 . Observed  U.  S.  Geological  Survey  hydr  graphs 
were  avai  lable  for  +he  Grand  River  at  Jackson , Lt  : • : :••  : 

the  Red  Cedar  River  at  East  Lansing,  the  Portage  river  near  Munith,  Orchard 
Creek  near  Munith,  the  Lookinggiass  River  at  Eagle,  4-he  Maple  River  at 
Maple  Rapids,  and  the  Thorr.apple  River  at  Hastings.  In  addition,  the 
U.  S.  Weather  Bureau  recorded  flood  stages  cn  the  Gran  : River  it  E it  r 
Rapids,  Dimondale,  Grand  Ledge,  Lansing,  Portland,  Ionia,  Lowell,  and 
Grand  Rapids,  and  on  the  Red  Cedar  River  at  Wiliiamston  and  East  Lansing. 
Rainfall  amounts  for  the  sub-basins  were  estimated  from  the  isohyetal  map 
of  the  April  1947  storm,  shown  in  Appendix  C - Climate  - Plate  C— 12. 

Excess  rainfalls  applied  to  sub-basin  unitgraohs  were  estimated  from 
excess  runoffs  determined  from  observed  hydrographs.  Routed  and  observed 
hydrographs  for  the  Grand  River  at  Lansing  and  Grand  Rapids  are  shown  on 
Plates  D-20  and  D-21,  respectively. 

(2)  March  1948.  Observed  U.  S.  Geo  I gicul  curvey  hydrooraphs 
were  available  for  the  Grind  River  at  lackson,  Lansir  :,  and  Grand  Rapids, 
the  Red  Cedar  Ri  ver  at  East  Lai  : ng , fh<  Portagi  Ri  vi  • md  rchard  • eek 

near  Munith,  ‘•he  Lookinggiass  River  :i  taqle,  the  ‘-'ap  le  River  it  Maple  Rapids, 
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and  t 1 horr  h iver  at  H f ings.  In  addition*  the  U.  S.  Weather 

Bureau  r rded  fl<  " ; 1 ' ■ f Eaton  Rapids,  Dimondale, 

• r :•  d Ledge,  Poi  t I ai  ■ , 1 well  ir  rand  Raf  Js,  r 1 ted  Cedar 

River  :t  villi  -r-.-.N  r . L ;st  Lansing.  Rainfall  amounts  were  estimated  from 
the  isohyetal  map  f<  i the  Mar<  I >48  I nr  showr  in  Appendix  C - ( ! i"  te 
Plate  C- 13.  Fx.-f"  rainfall  . app  1 i • 1 to  sub-basin  unitgraphs  were  esti- 

••  . • , . jnofl  eteri  : from  observed  hydrographs.  F : and 

observed  hyd:  ;rap‘  t • the  Grand  River  at  Grand  Rapids  are  shown  on 

Plate  D-22. 

d.  Ba  i r f 1 : __j rj_  G.-rist  iv,.  Investigation  of  flood  and  storm 

phenomena  reveal-  f . i jnlfic.mt  factors  concerning  the  Basin’s  flood 
...  . • . , ■ - . ( | y f easona  I rr  J/or  antecedent  condi  t i-ons , ^t^.rf 

orient.:'  • r i i md  rainf  . iuration.  The  f looa  potent  I a I of 

the  Basi;  is  deper  lent  or  irrence  of  the  • factors.  Ar  " ■’ 

important  consideration  of  in  flood  c!  iracteristi rs  is  the  possibility 
of  a second  ‘ > jrring  over  the  Basin  immediately  after  the  occurrence 

. . . | j m.  fh<  factor  re  described  ir  det  il  l 'r  the 

fo  I low i ng  paragraphs . 

‘ _LLLi._d._-  Basin-wi  ie  floods  have  usually 

occurred  during  the  < ar  ly  spring  months  of  March  and  April.  Durir  : 

months,  t nowmelt  wi  • lerate  rainfall  produce  high  river 

stages  as  a result  •'  unoff  re  frozen  ground  with  little  vegetative 

ver.  Extensive  wmelt  •••  ' r i > rtorm  dur  ir  . tl  is  period  has  comprised 

f thf  jximum  f lows  on  the  Grand  River, 
jn  i f ? cant  in  determining  the  amount  of  fi  dir  ] 
during  these  mc-r: t . normal  temperatures  during  these  months  vary  from 
freezing  f • sr  50°F.  (Fahrenheit).  Normal  daily  variations  of 

20 JF.  occur  du  i g these  months  (13). 

r ; . . • -jt  i ;n.  The  March  1948  storm  center  was  located 

near  the  . si  • .re  , whereas  (he  - i I 1947  storm  center  was  located  in 

• th<  B in  near  Jackson.  T'-c  average  rainfall  for 
...  jasin  for  thes<  rbout  the-  same;  however , higher  stages  were 

recorded  r,  e .rani  iver  for  lie  March  1948  flood  downstream  of 
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Portland  than  tor  the  April  1947  flood,  while  upstream  of 
Portland,  higher  stjqes  were  recorded  for  the  April  1947  than  for 
the  March  1^48  flood.  The  Grand  River  maximum  flow  at  Lansing  did 
not  contribute  significantly  to  the  Grand  River  maximum  flows  at  Grand 
Rapids.  In  iddition,  the  March  1948  maximum  flow  of  the  Grand  River 
at  Grand  Rapids  occurred  about  18  hours  earlier  from  the  midpoint  of 
rainfall  excess  than  the  April  1947  maximum  flow.  Hydrographs  of 
coincidental  flows  from  the  Thornapple  River,  Maple  River,  and  Grand 
River  at  Lansing  and  for  the  Grand  River  at  Grand  Rapids  for  the  April  1947  a 
March  1948  floods  are  shown  on  Plates  D-23  and  D-24,  respectively.  This 
analysis  indicates  that  the  Basin  has  two  critical  locations  where  a 
storm  would  create  the  most  severe  Basin  runoff  conditions  as  compared 
to  a similar  storm  at  other  locales  in  the  Basin.  One  center  is  in  the 
upper  Grand  River  basin  upstream  from  Lansing.  A storm  over  this  center 
would  create  the  most  severe  runoff  conditions  for  the  Lansing  area 
while  remai r ing  areas  would  experience  significant  runoff  conditions. 

Flood  routing  studies  made  on  +he  Upper  Grand  River  basin  indicate  that 
maximum  flows  of  the  Grand  River  at  Lansing  are  for  the  most  part  due  to 
the  coincidental  maximum  flows  from  the  Red  Cedar  and  the  Grand  River 
watershed  excluding  the  Portage  River  and  the  area  upstream  of  Jackson.  The 
other  center  is  loca+ed  downstream  from  Lansing  in  the  lower  Grand  River 
basin.  A storm  over  this  center  would  produce  the  most  severe  runoff 
conditions  for  the  Grand  Rapids  area  while  remaining  areas  would  experience 
si  jniftcant  runoff  conditions.  Locations  of  these  critical  centers  are 
shown  on  Plate  D-25. 

(3)  Intensity  and  duration.  It  is  evident  that  the  effective 
area  contributing  to  Grand  River  maximum  flows  within  the  Basin  is  limited 
because  of  the  relatively  short  durations  of  the  storms.  Ninety  percent 
f the  total  rainfall  occurred  within  9 hours  during  the  April  1947  storm, 
arc  withir.  12  hours  during  the  March  1958  storm.  Rainfall  intensity  studies 
made  by  the  U.  S.  Weather  Bureau  (14)  reveal  that  as  the  watershed  area 
increases,  the  rainfall  amounts  decrease  for  the  same  probability  of  occur- 
rence. Further  studies  by  the  U.  S.  Weather  Bureau  indicate  that  as  the 
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duration  of  a storm  increases,  the  rainfall  intensity  decreases  for 
the  same  pr<  l 3fc> f lity  of  occurrence,  f rom  an  analysts  of  « tom  and 
flood  data,  it  is  concluded  that  a 45-hour  to  72-hour  rainfall  duration 
of  fairly  uniform  distribution  areally  would  be  required  in  order  that 
the  entire  upstream  drainage  area  would  contribute  significantly  to 
maximum  Grand  River  flows  at  Grand  Rapids.  Few  storms  k »ve  been 
recorded  when  rains  have  exceeded  a 24-hour  duration  eve1'  the  entire 
Basin,  rhe  amount  of  rainfall  has  been  small  froir  storms  wher  rainfall 
over  the  entire  Basin  has  exceeded  a 24-hour  duration. 

(4)  Basin  flood  potential.  These  foregoing  factors  determine 
the  severity  of  floods  in  the  Basin.  The  greatest  Basin-wide  flood 
potential  occurs  in  the  early  spring  months  of  March  and  April  when 
snow  cover  is  usually  present,  and  light  to  moderate  raif  fall  f fron 
12  to  48  hours  duration  with  accompanying  rising  temperatures  occur. 
Significant  Basin-wide  flood  conditions  exist  when  about  1 . : ot  more 
inches  of  runoff  occur.  A relation  between  snow  cover  *reauency  of 
significant  Basin-wide  floods  is  shown  on  Figure  5-1.  This  relation- 
ship is  based  on  the  estimate  that  the  ratio  cf  snow  cover  to  water 
equivalents  was  10  to  I;  that  snow  was  uniformly  distributed 
over  the  entire  Basin;  that  temperature-  were  above  freezing  during 
the  flood;  and  that  the  infiltration  rate  was  the  mean  of  the  Basin  average 
monthly  rate  for  March  and  April.  These  estimates  are  considered  suitable 
for  the  purpose  intended  to  reasonably  evaluate  the  possibilities  of 
significant  Basin-wide  floods  for  various  snow  covers.  Basin-wide 
rainfall  used  was  the  average  of  two  day  intervals  of  the  daily  recorded 
amounts  for  rhe  months  of  March  and  April  *■  ackson , Lansing,  and 
Grand  Rapids,  for  the  normal  and  extreme  periods  of  rainfall  that 
occurred  from  1930  through  1966.  Results  of  this  analysis  reveal 
that  for  the  most  severe  rainfall  period  recorded,  less  than  a 5 per- 
cent char  :e  exists  that  significant  flooding  will  result  any  dav  -‘■hat 
snow  cover  amounts  of  10  inches  are  evident  during  the  March-Apr: I 
months*  ir  n nthly  average  snowfalls  for  March  and  Apr  i l are 

7.6  inches  and  1.8  inches,  respectively. 
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(5)  Second  storm  considerations.  The  occurrence  of  a flood 
producing  storm  immediately  after  a flood  could  produce  conditions  more 
serious  than  those  that  would  have  resulted  had  no  reservoir  system 
been  in  operation.  Analyses  of  Basin  rainfall  amounts  for  various 
durations  for  the  two  month  period  of  March  and  Apri I for  the  average 
normal  and  extreme  periods  of  rainfall  from  1930  to  1966  are  shown  on 
Figure  D-2.  These  relationships  i ndi cate-  that 
accumulative  significant  Basin-wide  rainfall  within  10  days  is 
experienced  only  5 percent  of  the  time  during  the  March-Apri I flood 
season.  It  is  significant  to  note  that  significant  Basin-wide  rainfall 
within  10  days  following  a significant  flood-producing  storm  has  never 
occurred  during  the  past  65  years  of  record.  Based  on  this  information, 
the  occurrence  of  a second  storm  does  not  appear  to  be  a critical  factor 
in  the  design  of  a water  resource  project  of  this  magnitude.  It  may 
have  an  effect  worth  considering  on  a smaller  watershed. 

e.  Derivation  of  procedure  for  modification  of  peak-discharge- 
frequency  relationships  with  varying  amounts  of  storage  ir  potential 
reservoi r s . The  effect  of  potential  reservoir  sites  in  the  Grand  River 
Basin  on  peak  flood  discharges  at  various  major  cities  in  the  Basin  was 
determined  by  flood  routing  procedures  described  previously.  Reduced 
peak  discharges  were  plotted  for  the  various  storms  investigated,  assuming 
that  the  frequency  of  the  peak  discharge  remains  constant.  Plotting  a 
curve  of  best  fit  resulted  in  modified  discharge  frequency  relationships 
for  a given  amount  at  storage  for  a particular  reservoir  scheme. 

14.  FLOOD  FREQUENCIES 

a.  Genera  I . Annual  maximum  runoff  frequencies  in  the  Basin  were 
determined  as  part  of  the  hydrologic  studies  required  for  individual 
project  evaluation  and  design.  Methods  and  procedures  used  in  determining 
discharge  frequency  relationships  are  described  in  detail  in  various 
references  (15)  (16)  (17).  Computations  were  mainly  performed  by  a 
Burroughs  E101  Electronic  Computer.  One  object  of  this  report  is  to 
describe  the  application  of  these  methods  and  procedures  to  the  Grand 
River  basin.  Physical  and  statistical  data  for  16  stations  within  the 
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SUMMARY  OF  PEAK  DISCHARGE  FREQUENCY  STATISTICS 


L indicates  Lansing,  C.R  indicates  Grand  Rapids.  Average 

Key  st  it  ions.  No  correlation  adjustments  have  been  made. 


Basi n each  having  : : harge  n rd  f '■  /ear  r more  wen  used  it  th i 
. !v.  Data  on  discharge  records  used  in  the  study  are  given  ir  " ii  '• 

l -7. 

b.  I ^torr  i • ■ ~ i n r.  f f rogues cy  statjstj  f t i r ! i i du  : I statj  ; . 

Computations  m ide  • f the  mean  and  standard  deviation  for  each  st  :‘i:n 

i deration  were  in  accordance  with  procedures  presented  t 
L.  R.  Beard  (17).  An  assumption  made  was  th  t I )arithr»  f peat* 
discharge  values  would  approach  a normal  frequency  distril  ul : r . Ir 
addition,  it  was  assumed  that  a 25-year  gap  ir  f i rst  r Jet  mea  uremer  • 
at  two  key  stations  on  the  • ■ : : i /er  :t  Lansing  ind  rand  Rapid  jld 

be  filled  using  U.  S.  Geological  Survey  estimates  of  the  annual  flood 
from  U.  S.  Weather  Bureau  records  of  flood  stages. 

c.  Record  adjustment  by  correlation  methods.  rr  jtatior 

for  simple  linear  r-.rrel.oi  • .•.••••  ; r I l ■ • : : / ■ • I at  i ng  th<  - : 
of  each  station  in  the  Basin  with  the  concurrenf  porti  ns  f either 
key  stations  of  Lansing  or  Grand  Rapids.  The  values  of 
standard  deviation  ( S ) , expressed  in  terms  of  -re  ic  jarithrr  f 
maximum  flow  recorded  annually  in  C.F.r:.,  for  the  short  record  stati 
were  adjusted  to  the  longer  record  key  station.  • i tior 

i ncreased  the  reliability  of  the  f reguency  statistic  * the  extent  tl  * 
it  would  approximately  equal  the  reliability  tf  .t  wsul:  be  sto-ec 

if  records  were  actually  available  for  (ii)  years.  Fh<  • - j+h  f I 

_2 

extended  period  (N|)  = N ^ + (Nn  - N^)  R*-  where: 

(Nj)  = Equivalent  length  of  record  at  station  I 

= actual  length  of  record  at  station  1 

= actual  length  of  record  at  key  station 

= - coefficient  of  correlation  between  station  1 and 

key  station. 

Based  on  the  preceding  relationships,  the  average  reliability  of 
frequency  statistics  was  increased  from  19  to  48  years. 
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d . Record  idj  ustments  by  regression  methods.  Req  n ■ ; s i o n met  h c d s 
of  relating  strenmflow  statistics  utilize  physical  characteristics  of 
the  basins,  such  as  climatic,  topographic,  and  land  use.  The  derivation 
of  the  regression  equations  is  explained  in  detail  in  paragraph  15(b), 
flood  frequency  statistics  for  ungaged  areas,  of  the  appendix,  ir 
deriving  a regression  equation,  some  degree  of  error  is  introduced  in 
estimating  the  values  of  dependent  variables.  The  standard  error  of 
estimate  from  the  regn  ' Jetermined  is  the  standard  deviation 

* * he  di  f feret  betweef  th<  te  f hh<  iepei  ienl  variab  l< 
computed  and  as  observed.  The  effect  f error  variance  in  the  tependi  r I 
variable  is  removed  by  the  f II  win.  procedures.  The  standard  error 
the  logarithm  cf  a calculated  standard  deviation  is  obtained  t / the 
ro  t-mean-  jua  re  f fh<  1 >r  Jar  : lev  i at  ion  urine  a reliability 
associated  with  an  average  length  of  extended  record  of  48  years 
\ rigi  : I I v 19  years,  but  extended  in  adjusting  frequency  statistics 
by  ^ rre  fion  ilone).  The  difference  of  the  ccrrespor di no  variances 
yields  the  net  variance  of  the  regression.  The  sauare  root  of  -*-he  net 
variance,  that  is  the  net  standard  error  of  the  logarithm  of  the  calculated 
standard  deviation,  is  used  in  determining  a reliabilitv  for  -‘-he 
regression  equations  associated  with  9 years  of  record.  A single  estimate 
of  frequency  statistics  is  made  by  combining  the  statistics  estimates 
from  the  extended  record  and  the  regression  equation.  This  is  acc  mpli 
by  weighing  them  in  p roport ion  to  thei r individual  reliabilities.  The 
years  of  record  associated  with  a given  dearee  cf  reliability  are  used 
as  the  measure  of  the  weight  attributable  to  each  value.  The  composite 
values  of  the  before  and  after  final  adjusted  statistics  for  the  sixteen 
U.S.  Geological  Survey  stream  gages  are  shown  in  Table  D-7,  and  Figure  C-3. 
The  final  adjusted  annual  frenuency  relationships  as  determined  from  f o 
above  computed  statictics  and  their  confidence  limits  for  these  gages  are 
shown  .n  -lates  D- ' through  D— 18. 

C.  • i .is  1 . a . The  reliability  of  frequency  statistics  is  increased 
in  all  cases.  Correlation  analysis  i ncreased  the  average  length  of  record 

>f  reliability  from  19  to  48  years.  Regression  analysis  increased 

the  reliability  9 addition]  I years.  The  reliability  associated  with  these 
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regression  relationships  is  far  less  than  that  jbtained  by  rrelati:r. 
s » I . i betweer  : i : : ■ j tat  ior  . i I : i f ru<  : • ■ . ■ fh<  legrei 

accuracy  icl  : /el  ; . from  sdding  the  number  of  indepen  let  • /ari  : 

re lat i ve  t it  haracter i s+  i ii  reases  ro|  rt ioi  fh<  leg re< 

rre  I at  i I rved  betweer  M ■ n ords.  's'  fhei  mear  • 

impr  /emenl  f f requei  . • t imated  i i nverse 1 . pr  rt i na I t 

rr<  I at  i • between  records  in  the  Has  in.  A hi  ;t  Jegree  • rrelatior 
..  jal  ly  due  t :•  ■ ■ ■ : ! : ■ : t rn  i nf  I ing  t ft  t mder 

rre  lat ion,  and  i nee  thi  tyj  f form  pattern  1 er  the 

rand  Ri  ver  bas  i n,  the  re  I i ab  i i ty  and  inf  I uenc<  f the  regr< 

: ■ ■ ' marked  I . S ■ than  w i tl  r re  I at i on  re  I at i onsh i ps . 1 * i 

recognized  that  during  the  peri  1 f th<  fudy,  l fior  f i itior 

• ■ eamf  low  i r t he  !-  • i • Federa  I >nd  fati  iger  i 1 i • eeded. 

■■■  • • • • • of  this  has  been  weighed;  the  Basil  Ptai  f evelopment  ren  ii 

i nasmucf  is  sorrel  at  ion  analysis  has  increased  fl  • /era  je 

length  of  the  record  from  19  to  48  year'  . 

1 5 . analysis  f L'/j  now  periods. 

3 . ■ 1 . Low  f low  per  i 1 experiei  < ) w : 1 1 i • fhi  ?r  r m 

, I • f extended  peri  J I lef  i ient  pn  ip  it  fior  nd  warn 
...  ...  . . ■ . . ■ ■ ■ • • jg|  jt  • ■ ■ in . rt  ■ erity  f fhi  e low 

flow  peri  : tepend  t the  amount,  distribution,  snd  lengtl 

...  | ow  f i ow . I ns  pi  f i or  f f reamf  I ow  t f or  thi  rand  i 

: n j : • : rand  lpi d i ndi  ste  longi  t nt i nu  . peri  ■ , 

mmor  h t fh  fat  ior  , f be  I w /er  ji  ini  If  ' . it  1930  i • : . • 

years . the  I onge st  cont  inuous  per  i I f be  low  ■ ■ 1 

Lansing  and  rand  ipi d i • : . e . r • rs,  n • ' ■ 1 . . 

It  is  noted  that  the  critical  five-year  peri  : rmon  * !:  +>  ~ i 

i s based  on  t he  I ast  f i ve  y rs  f r r water 

thus  could  be  exter  further.  

indication  of  the  most  critii  : i low  f low  period  exper 

in.  Many  : f he  met t J md  pi  lurt  lescri bed  i ft  wing 

paragraphs  and  used  in  evaluating  fhe  various  conditions  that  exist 
• r the  various  water  r<  irci  i ect  somewhat  new.  wever, 

...  e met!  J nd  pi  eduri  ir  met  ly  <ter  : r I icceptab  le  metl 


_ 


•r 


ind  techniqui  . Th<  i;  it ior  f these  met!  1 t • • • i f 

t r<  ■■  ii  th i < re;  rt  ratt 11  Ji  ior  m;  ri i th<  i 

ind  va I i di ty  f 1 1 ett  I t fher  pi  edures . ■ t ' r ; 1 ■ ■ 

obtained  by  these  methods  indicates  that  thes<-  no”  ana  pr  cedures 
provide  reasonable  e timates  of  the  low  f l>  w cl  ir  r {eristics  f the 
various  water  res  urce  pr  jects. 

b.  Ft  ■■■,-.  [umi  relatj  sst  i ; . . Water  jpp  I v tential  ; i s+rean 
is  evaluated  from  flow-volume  relations.  The  flow-volume  relation 
defines  the  storage  capacities  necessary  to  maintain  preass ign«  i fl 

for  specified  durations.  Flow-storage  relationships  ire  based  n mi  ■ 
monthly  U.  S.  Geological  Survey  stn  am  f I w lata  ind  r<  jard  the  < 

transpiration  and  sedimentation  losses  in  a reservoir.  While  these 
jeneral izati  ns  ire  ■ lequate  for  initial  - I . I , it  may  be  neces 
to  investigate  shorter  tine  intervals  (weeks,  days)  and  the  evaf  trans- 
pir  it i jn,  seepage  and  sedimentation  losses  thal  .1  I be  expecl  I at 
:h  specific  site.  The  flow-storage  relationship  is  based  on  ^he 
assumption  that  a hypothetical  dam  is  located  at  the  stream  gage  station 
under  study.  Storages  are  the  minimum  storages  required  at  tt  str<  in 
gage  to  guarantee  that  the  indi  :!ed  preassigned  flows  decrease  as  the 
potential  reservoir  is  moved  upstream. 

c.  Derivation  of  flow-storage  relationships.  Storage  requirements 
to  maintain  the  average  annual  flow  and  lesser  preassigned  flows  for  the 
period  of  record  are  determined  from  analyses  of  n ass  curves  developed 
from  streamflow  records  compiled  for  nine  U.  S.  Geological  stream  gage 
stations.  Mass  curves  are  sh  wn  on  Plate;  D-3  t D-18.  The  peri  >d  f 
critical  drawdown  and  refill  is  referred  to  as  the  carry  over  peri 

For  purposes  of  this  study,  it  is  the  longest  carry  .or  period  at 
preassigned  average  flow  which  occurred  during  the  period  ; f record. 
Quantitative  analyses  of  streamflow  records  indicati  th  it  «-he  most  critical 
durations  ;f  low  flows  are  experienced  in  the  late  years  of  record.  Thus, 
critical  carry  over  periods  for  the  larger  supply  rates  cannot  be 
sufficiently  defined.  Carry  over  periods  for  the  larger  draft  rates 
that  extend  beyond  the  last  year  of  recorded  streamflow  (1965)  are 


os  t i mated  ‘ b I . r qe  . r i . J i n wh  i 


■ iveriqe  of  the  supply 


on 

iuri  ri  f re  ■ . tor  ■ ■ - • ■ I ■ 

ma  i nt.i  i r .o  m:  • | •>  Ie-1  or  pre. ; ,s  igned  f f- >w.  (uri'-i  the  r » • r • • d 

if  . . "i  f i r - ii.  it.  ••  : and  curry  . .•  r periods  si  ated  with  “r.e 

f low  • «n  - ' t -1  ■.  The  records  from  th<  nine 

1 : : . i irvey  streai  jag  tat  ior  i ly zed  not  di rect 1^ 

■ pri  - th<  trear  f I haracter  i f i thei  ent  i rt  It  i 

ireas . wever,  thi  pr  vide  w i /eragi  i r thi  - 1 ■ : 1 

iistr  i but  ior  f tr  ml  haracter  i st  i .. ' ■ • : ■ • ■ • rand  i ver  bas i n . 

-.-I  1 1 jrvey  jeve  I I f low  tor  ;<  e la+ionsh  i 

: . ■ j<  • jui  rement  : • >st  imal  I foi  »r  irea  based 

limited  1 1 imf  ■ t 18) . Basi  lata  it  th<  leve  lopment 

e relationshi  wen  tl  lai  ly  n rds  f Ii  harg<  t 1 - trearr 

■ • . 1 tu i n f is i n , and  f tati  idj  ent  t for 

iod  f 1945  1 ■ '• . t ream  flow  r<  rd  that  wet  i jeve  loped, 

...  ( ■ - ■ ■ ■ : • ; ; : ■ * . mp  lete  r<  , by  matt 

:orre  I at  ior  f treamf  low  r t • ■ tat iot  that  di 

: ire  ! i< >t  ■ J r ; r ■ entat  i v<  • 1 1 • 20-year  bast 

- - ’ : . ef  i n it  iot  f he  reg  i or  iraft-stor  e-frequency  rt  I 1 • 

f ■ tl  i n : : " : 1 ' ‘ ■ : : . • i J t ; : *aq  - 1 . t i r I i : , 

: leterr  ed  b\  ff-t  I int  It  • ■ fht  f requency-ma  irv  , 

to  : ;■  • ■ that  described  the  low  flow  characteristics  of  a s+rt  im. 

The  fi  .-.  i ■ equaled  or  exceeded  90 % of  the  time  was  selected  as  a 

i i tab  rameter  inde>  f low  flow.  Regionalized  f I ow-storaoe  relationships 
f •-  recurrence  intervals  of  10  and  ?0  years  are  presented  as  figures  D-4 

ind  D-5  respectively.  T’  . S.  Geological  Survey  has  developed  low 

flow  ••  r ••  tic  f ■ r ■ I ;a+i  r wf  th  in  the  is  I n.  The  :t  .r  ic- 

teri  fi  r level  • id  for  stations  where  s treamf low  data  were  avail- 
■ •.  £ i . haracter  i sties  of  stations  with  limited  records  were 

ietermi  r I I / i ~ rre iatior  f i nstantam  !i  rhargi  mea  rements 
. • . . . . .I  i r t hi  location  under  study,  and  the  low 

t ream  gag  tat  ions.  Thesi  i+a  ar  present! 

. • . . p|j  ■ ■ thi  • • . ! draft-storage  relationship 

...  • : . • . . logical  irvey  pr  vides  reasonable  estimates 

. ■ juiremenl  f<  ■ preassigned  flows  for  areas 

......  in.  T hi  nal\  nol  inc  lude  losses  due  to  • v >pc 

i ed  ii  n . Tl  I y t lata  that 
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STORAGE  REQUIRED,  IN  ACRE  - FEET  PER  SQUARE  MILE 


GRAND  RIVER  BASIN 
REGIONAL  DRAFT  - STORAGE 
20  YEAR  RECURRENCE  INTERVAL 


DISCHARGE  EOUALED  OR  EXCEEDED  90  PERCENT  OF 
THE  TIME.  IN  CFS  PER  SOUARE  MILE 

PREPARED  BY  U.S.  GEOLOGICAL  SURVEY  FIGURE  D~5 
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VARIATION  OF  LOW  FU'W  CHARACTER I ST ICS 


NAME 

DRAINACF. 

FLOW 

DERATION 

ARF.A 

70% 

80% 

'»()" 

95% 

.F.S.M.. 

:.f.:,.m. 

C.F.S.M. 

C.F.S.M 

Grand  K nr.  Vandercook* 

41.0 

.209 

.178 

.146 

.141 

Grand  K at  Jackson 

174 

.299 

.25  2 

.201 

. 166 

Portage  K.B.L.l.L.  near  Munith 

55 

.156 

.116 

.073 

.■  . 

Orchard  Cr.  at  Munith 

49 

.165 

.124 

.094 

.071 

Batteese  Cr.  nr.  Henietta* 

23.8 

. 222 

.168 

.080 

.042 

Hintoan  Cr.  nr.  Leslie 

11.2 

.250 

.205 

. 161 

.133 

Sandston  Cr.  ! Tom.  Center  * 

11.2 

.307 

.241 

. 186 

.153 

Spring  Br.  nr.  Eaton  Rap i ds* 

57.0 

.201 

.157 

. 114 

.08  7 

Grand  R.  nr.  Eaton  Rapt  fs 

66.  1 

.264 

.2 11 

.158 

. 1 33 

Cellar  Riv  nr.  Fnwlerville* 

71.2 

.126 

.105 

.086 

. ' 

Kalamink  Cr.  at  Webberv i 1 1 e* 

16.5 

. 145 

.133 

. 109 

.096 

Squaw  Cr.  at  Williamston 

6.08 

.064 

.040 

.02  5 

. 1 1 1 3 

Doan  A . nr  . Will  iamst  on* 

58.4 

.113 

. 094 

.074 

.049 

Deer  Cr.  nr.  Dansville 

16.3 

.116 

. 08  5 

. 

.04  2 

Sloan  Cr.  nr.  Williamston 

9.34 

.044 

.028 

.018 

.012 

Cedar  R.  at  Fast  Lansing 

355 

. 1 -2 

.121 

.090 

.070 

Sycamore  Cr.  nr.  Mason 

3«.r. 

.154 

.126 

. 101 

.086 

Mud  Cr.  nr.  Mason* 

o 

X 

.120 

.091 

.062 

.04 

Sycamore  Cr.  at  Lansing 

96.2 

. 145 

.114 

.083 

.066 

Grand  R.  at  Lansing 

1230 

.215 

.170 

.134 

.105 

Sebewa  Cr . nr.  Sun  fie  Id 

24.1 

. 244 

.203 

.162 

.136 

Grand  R.  at  lortland 

13«5 

238 

. 187 

. 1 52 

. 129 

Look ingg lass  nr.  La ingsburg* 

88.0 

• 111 

.081 

.057 

.042 

Look ingg lass  at  Dewitt" 

234.0 

.136 

.102 

.073 

Look  ingg  lass  nr.  Fa/,  le 

281.0 

.153 

.128 

.103 

.081 

Bean  Cr.  nr.  Ovid* 

29.5 

.09/. 

.074 

.051 

.037 

Apple  Riv  1 Ovid* 

91  .8 

.130 

.109 

.088 

.072 

L.  Maple  nr.  Laingsburg* 

11  .4 

.078 

.061 

.049 

.039 

Maple  at  Elsie 

205 . 

. 146 

.117 

. ) 

1 me  nr.  1 eirington* 

6 3.0 

.080 

.045 

.054 

. 04  f 

Maple  R.  at  Maple  Rapids 

434 

.089 

.064 

.048 

. J9 

Hayworth  Cr.  near  Maple  Rapids* 

90.2 

.121 

,U< 

.084 

Fish  Cr.  nr.  Crystal 

92.8 

.420 

.366 

.534 

. 290 

Fish  Cr.  nr.  Carson  City* 

145 

.358 

310 

*>69 

.234 

Fish  Cr.  nr.  Mubbardston 

157 

.394 

.336 

. 248 

Stonev  '.r . nr.  St.  Johns 

57.9 

.09.; 

.086 

. 

,072 

Musrrat  Cr.  nr.  Riley* 

37.2 

.118 

.096 

.118  1 

./•7  ? 

Stonev  Creek  at  lawaino* 

175 

.120 

. 102 

.086 

.07  <4 

irairie  Cr.  nr.  Ionia* 

89.6 

.312 

.290 

.257 

.234 

Grand  nr.  Ionia 

2 840 

.211 

.172 

. 1 34 

.112 

Flat  at  Gowen* 

173 

.416 

. 381 

.347 

. 31  ’’ 

Black  nr.  Greenville* 

98.9 

.455 

. 394 

.344 

.3  3 

Dickeson  Cr.  nr.  Fenwick* 

51.7 

.367 

. K >9 

.251 

.212 

Flat  1 Stnvrna 

528 

.47  3 

.416 

. 3"9 

. 34c 

Thornapple  nr.  lotlerville* 

71.5 

.223 

.195 

.Iff 

. 1 2° 

Thornapple  ir.  Vennontvi 1 le* 

160 

. 1 >( 

. 1 31 

. : • 

. (W7 

Quaker  Br  nr.  Nashville 

7.6 

.407 

. 342 

.276 

.236 

Thornapple  nr.  Hastings 

385 

2°  5 

. 246 

. '*03 

.171 

Bassett  Cr.  nr.  Middlevi l le* 

12.1 

.603 

.578 

. < 5 5 

.512 

Coldwater  J Freeport* 

8 3.5 

. 4 5 5 

. J3* 

.240 

.179 

Coldwater  nr.  Middlevi lie* 

185 

’ .297 

.270 

.23 

.210 

Thornapple  nr.  Cal  Ionia 

773 

. 349 

.310 

.272 

.232 

Rogue  nr.  Sparta* 

155 

. 503 

. 44  5 

. 368 

.3  35 

Rogue  nr.  Rockford 

234 

. *76 

.512 

.427 

.3^4 

Grand  at  Grand  Rapids 

4900 

.255 

•>*>4 

. W 

.162 

Crockery  Cr.  nr.  Nunica* 

126 

.277 

. IV 

.199 

. 1 66 

*1  art ial -Record  Station 
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are  used  in  comparing  fhe  potential  water  supply  yields  of  areas 
i i+ed  thn  ughout  the  Basin.  If  is  noted  that  white  these  data 
were  developed  for  56  lo-  at  ions,  trey  may  reasonably  be  assumed  for 
comparison  purposes  to  be  1 1 so  representative  of  their  upstream 
areas. 

d.  p t I mum  flow-storage  utilization.  Flow  storage  relation- 
ships developed  and  shown  on  plates  D-3  to  D-18  are  expressed  in 
percentages  of  ultimate  flow  and  storage.  The  ultimate  flow  and 
ultimate  storage  ire  at  the  stream  gage  station.  The  rate  of  in- 
crease is  greater  than  the  increase  in  storage  for  the  lower  percents 
of  site  development  percentages.  This  rate  decreases  until  the  rate 
of  increase  in  storage  exceeds  the  rate  of  increase  in  discharge. 

The  point  where  the  rate  of  increase  in  discharge  equals  the  rate  of 
increase  i r.  storage  i referred  to  as  the  optimum  flow  sf  r : so- 

velopment , and  represents  the  greatest  augmentation  of  low  flow  per 
unit  of  storage.  This  point  does  not  necessarily  define  the  best 
dev.- 1 ■rer.  I of  the  water  resources  of  the  site,  but  it  does  indi- 
cate the  most  efficient  storage  for  low  flows. 

e.  Reliability  of  reservoirs  (19) 

(1)  i • ■ r : .tion  of  storan  -duration-frequency  relationships. 

An  important  aspect  of  flow  augmentation  is  the  capability  of  a reservoir 
mai  fain  critical  flew  requirements.  Capability  of  various  flow- 
storage  relationships  have  been  developed  by  a method  devised  by 
John  E.  Stall  (20).  Tnese  relationships  were  developed  for  nine 
U.S.  Geological  Survey  stream  gage  stations.  They  show  the  time  that 
a selected  ccnstart  flow  could  be  maintained  bv  a calculated  storage 
capacity.  The  relationships  represent  storage  requirements  that  would 
be  needed  to  maintain  constant  demands  for  from  80  percent  to  98 
percent  of  the  time  for  durations  of  from  2 months  to  36  months.  The 
duration  rcpr  -.o’i-  ••  time  from  the  beginning  of  the  critical  period 

reserv  i had  reached  its  mi n imum  el evati on . These  relationships 
:re  .town  on  plates  ) -7  to  D-18. 
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( 2 ) The  effects  ~ f vur  i ib  ! e demands  on  reserv  . r Icraqe 
requ i rements . The  effect  ( t variable  demands  on  j reserve  i i is  Je+er- 
mined  for  individual  sites  by  applying  the  critical  demands  for  various 
durations  and  reliabilities  and  determining  storage  requirements 

by  Stall's  Method.  Selection  of  storages  based  n the  most  criti 
demand  for  the  shortest  time  interval  would  normally  require  such  ex- 
cessive storages  that  the  critical  demand  rate  could  be  supplied  for 
longer  periods  of  duration  than  would  be  necessary.  Selection  of  storages 
based  on  the  most  critical  demand  for  longer  time  intervals  would  normally 
result  in  insufficient  storage,  such  that  the  critical  rates  would  be 
supplied  for  shorter  durations  than  are  required.  The  selected  initial 
design  capacity  is  that  point  where  the  duration  of  the  critical  demand 
equals  the  time  from  the  beginning  of  the  critical  period  until  the 
reservoir  reaches  its  minimum  elevation  for  the  given  draft  raTe. 

This  storage  is  the  capacity  that  is  required  to  supply  the  critical 
demand  for  the  critical  duration  when  these  demands  are  required. 

(3)  The  effects  of  variable  dependencies  on  reservoir  storage 
requ i rements . Where  storage  requirements  are  being  evaluated  for  different 
dependabilities,  a successive  trial  procedure  is  used  for  determining 

the  amount  of  storage  required  to  meet  the  demands  (21).  This  procedure 
determines  the  combined  optimum  use  of  the  trial  storages  to  meet  the 
various  needs. 

( 4 ) Uncontrolled  flow  effects  on  required  upstream  reservoir 
storages . Depending  upon  the  needs,  uncontrol len  flows  may  effect 
storage  requirements  necessary  to  maintain  a given  supply.  The  extent 
of  these  effects  depends  on  the  yields  of  the  uncontrolled  areas  and  the 
reservoirs.  When  the  uncontrolled  yields  are  greater  than  the  controlled 
yields,  the  effects  of  the  uncontrolled  flows  on  the  critical  demands 
are  determined  with  the  resultant  demand  from  the  controlled  flows  used 

to  determine  the  storage  required  to  maintain  demands.  When  the  controlled 
flows  have  higher  yields  than  the  uncontrolled  flows,  the  ability  of  the 
controlled  flews  to  maintain  the  critical  demands  is  determined.  The 
average  yield  of  the  uncontrolled  area  is  determined  for  this  critical 
demand,  and  the  resultant  demand  fr  m the  controlled  area  is  used  to 
determine  the  storage  required  to  maintain  the  resultant  demand.  For 


: r ' ■ • where  the  i e r vo  i r i th<  . j rc<  f ipp  I y , un- 
■ ■ ■ 1 1 ed  f w havi  ef  f<  • i reserv  i r forage  requi  remen+s. 

For  those  invtanc  when  the  uncontrolled  flows  are  used  to  meet 
various  nee.: 3 , the  uncontrolled  flows  jtfect  the  storage  requirements  of 
r<  erv  i r . fhi  - ef f 1 in  evaluated  by  app I i cati  r f ; 1 ••  ri  ti ca I 
lemand  rat<  • the  i 1 ■ i ib i I i ty  for  the  storage-dura t i on  re I at i 

ship  developed  tor  the  higher  yields  of  either  the  uncontrolled  or  the 
contt  1 : ir<  is . Th<  average  yield  for  the-  given  critical  period  is 
ibtracted  f ron  fhi  ♦ fal  lema  I.  • . i • .■  • i c: i i • ; 

to  the  )iver  n ty  foi  the  si  rage-duration  relationship  developr 

for  the  reservoir  : re,  with  the  storage  requi reQ  to  maintain  the  re- 
sultant demand  determined. 

(;)  fl  in  one  reservoir  in  system.  When  more  than  one 

it  ould  supply  water,  the  storages  required  ire  based  i The 
imption  that  only  one  reservoir  exists.  The  individual  storage- 
durat i on-f requer  cy  character! sti cs  of  the  reservoir  sites  are  combined 
directly,  as  are  the  characteristics  of  the  uncontrolled  areas.  The 
stor  mente  ire  evaluated  as  describee  in  previous  subparagraph ( 4) . 

1 6 • :TeL/j’  FL  LATA  F c ; , AGLP  ARAS 

i.  Genet  , ‘ stream  low  character i st i cs  for  specific 

: • : • when  rds  ire  not  -v  it  I able  are  made  based  on  regionalizing 

rdt  ••  lmf  w data.  The  generation  of  such  synthet i data  provides 

i valuable  1 for  the  purp  >e  f evaluating  the  st  rear  f I ow  character- 

i s t i . of  -any  ii‘ft  rent  locations  with  regard  to  their  flood  potential 
ind  th<  1 i i i * ■,  • pp  ly  water . Th»  specific  flood  characteristics 
f interest  f any  given  location  are  the  flood  frequency  potential  and 
the  fl  I di  harge  • ilting  fron  iny  given  storm.  The  specific 

rrf  lata  concerr  ing  the  water  supply  capabilities  of  a stream  are 
• • ■ ■ • A-  ne-dur  t i on-f  requer  , • racter  i st  i cs  of  the  stream . >th  j 

ti  jues  ire  developed  whereby  the  flood  frequency,  the  f I J runoff, 

ind  ■'  fei  . ipabi I it ies  car  be  determined  for  any  location  within 

the  22)  < . The  methods  and  techniques  are  described  in  the 

f I I w i g p jr  agraphs . 
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correlate  flood  runoff  data  between  subareas  or  tributary  basins  within 
the  Grand  River  basin,  the  assumption  is  made  that  climate,  topography, 
land  use,  land  classes  (soils,  etc.)  and  vegetation,  are  reasonably 
uniform  throughout  the  entire  Basin.  It  is  also  assumed  that  the 
frequency  statistics  expressed  as  the  mean  (M)  and  standard  deviation 
(S)  may  be  expressed  in  terms  of  a linear  function  of  independent 
natural  drainage  characteristics.  The  independent  variables  analyzed 
for  correlation  on  the  Grand  River  basin  are: 

Average  Stream  Slope 
Stream  Length 

Average  Annual  Precipitation 
Drainage  Area 

Each  of  these  independent  variables  was  tested  against  the  dependent 
variables  (mean  and  standard  deviation)  using  scatter  diagrams  and 
by  computing  the  simple  coefficient  of  correlation  of  their  logarithms 
to  determine  their  worth.  Two  multiple  linear  regression  equations 
were  selected  of  the  form: 

X)  = a + b£  + b3  X3  + b4  X4  + b5  X5. 

Regression  coefficients  were  determined  for  a b7,  bT,  b^ , and  bR  by  computa- 
tions by  the  method  of  least  squares.  These  computations  resulted  in 
the  following  two  equations  relating  the  mean  and  standard  deviation  to 
drainage  area  characteristics: 

M = 1.300  + 0.35  log  S + 0.049  log  L - (0.65  log  P/10)  + .802  log  D. A. 
log  10  S = 1.179  -.526  log  S + .0262  log  L - (0.834  log  P/10) 
where: 

M = mean  of  the  logarithms  of  the  annual  flood  peaks 
S = standard  deviation  of  the  freauency  curve 
Log  10  S = log  of  (10  x standard  deviation) 

,5  = average  stream  slope  in  feet  per  mile* 

L = stream  length  in  miles'* 

P = average  annual  precipitation  in  inches 
D.  A.  = drainage  area  in  square  miles 
* Determined  for  the  main  stream  from  the  gaging  station  to  the 
headwaters. 
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Perhaps  an  explanation  of  the  negative  ign  i -ited  i th  the 

coefficient  of  pre-  p i fat  ion  is  that  : h<  variables  ar*  ' t • r ‘ i r • 1 >' 
i r de|  endenl  f ■ ther.  he  mathemal  , • f these  para- 
meter ha  bu i 1 1 i , ■ peak,  i relal  i betw<  ' 1 < rameter 

that  ins[  ' : f • f tl  parameter  not  irately  i 

without  realizing  the  change  in  the  c t her  . sriad-  • .1  i .n  ‘ "e 

equation  for  the  mean  discharge  v.  uld  lead  • n 'r.  err*  ct  . r .tement  tf  jt 
by  increasing  the  - rati  f pri  fal  , ecr  • in  th<  r ml 

M meat  innua I I rg<  woul d re  jI  t.  ither,  thr  rrr  t interpretat 

of  this  relationship  is  >1  for  1 whei  jreater  nu  n t 
irr  »unts  exist,  the  drai nage  areas,  trear  . • ■ " r<  >ucl 

that  the  mean  discharge  it  reasr  : . Thei  witl  similar  charac- 
ter isti cs,  drai  n , . pe,  lengths,  that  ha 

meat  ii  harg<  r reater  an  jnl  I mnu  i[  tation. 

c . Flood  oisdc-  sc  t.r  a- ras,  FI  i d h argr 

irea  are  1 f comn  <pressed  in  the  for  hydr  raph. 

charge  hydrograph  is  a plot  of  discharge  against  time.  Analyses  o+  re- 
corded hvdrographs  of  streamflow  and  related  climatic  and  physiographic 
:haracteri  tics  suggest  me  ‘•hods  of  utilizing  these  deduced  factors  i - 
developing  hydr  for  ungaged  areas.  Whe-  . • . : ..graphic  and  climatic 

components  are  fairlv  uniform  for  an  area,  a simplified  procedure  is  used 
where  the  discharges  are  in  direct  proportion  to  the  size  of  the  drainage 
areas.  The  method  most  commonly  used  in  the  invest1  jation  of  4 I red  dis- 
charges for  ungaged  areas  is  the  "Unitgraph"  method.  Data  required  in 
this  method  are  unit  hydrographs  (a  hydrograph  representing  one  inch  of 
j • -ct  runoff  from  a rainfall  of  some  unit  duration  and  specific  areal 
distribution),  base  flows  (base  flow  is  comprised  of  flow  contributed 
, the  |r  . Iwate  tab le) , Inflltr  it  ion  losses,  ana  the  time  distribu- 
tion and  intensity  of  precipitation.  Unit  hydrographs  have  been  developed 
tor  several  subarea  that  comprise  the  entire  Basin  upstream  of  Grand 
R if  : rhese  subareas  are  shown  on  plate  P-26.  Six  of  the  unitgraphs 

ped  lirectly  from  recorded  streamflow  data  available  for 
• • : . 1 r location.  Twenty-nine  of  the  unitgraphs  were  synthetically 

. ipp  |y i 1 haracter  ' : f tl  '-six  un itgi  pi  where  tr<  - - 
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0-HOOK  UNIT 

hydrography 

- GRAND  K IVtk  bAS  L 

N 

Por  t a ge 

Portage 

Orchard 

Orchard 

Grand  River 

Grand  River 

River 

k iver 

Creek 

Creek 

at 

just  U/S 

D/S  Little 

Just  U/S  of 

at 

at 

Jackson 

o f For  i a ge  R 

. Portage  Lake 

Orchard  Cr . 

Munich 

Mouth 

Zone  No. 

1 

2 

3 

4 

5 

6 

D.A. 

Sq,  Ml. 

175.0 

13. o 

57.0 

6. 71 

50. o 

3.7 

L 

Mi. 

L 

ca 

Mi. 

QP 

C.F.S. 
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gage 

GAGE 
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Mi . 

t 

Pr 

Hrs . 
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Hr  s . 
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Hrs. 

tr 
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0 
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(3)0 
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137 

9 

76 
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15 

82 

24 
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12  7 

33 

7G 

30 
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203 
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70 

56 

36 

lbl 
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74 
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42 

209 

107 

524 

53 
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29 

46 
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64 
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32 
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16 

54 
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32 
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16 

2 74 

9 

60 

306 

11 

395 

5 

293 

3 

66 
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0 
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0 

72 
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78 
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211 

346 

84 

451 

178 

343 

90 

463 

152 

335 

9b 

531 

126 

320 

102 

108 

81 

108 

91 

301 

280 

114 

596 

76 

255 

120 

596 

63 

234 

12b 

612 

56 

214 

132 

628 

45 

189 

138 

628 

37 

178 

144 

628 

29 

152 

150 

612 

23 

135 

156 

596 

17 

119 

162 

5 70 

11 

103 

168 

560 

9 

82 
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534 

8 

71 

180 

525 

7 

57 

186 

515 

5 

52 

192 

198 

m 

a 

204 
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30 

210 

428 

21 

21b 

402 

14 

222 

377 

6 

228 

335 

0 

2 34 
240 

m 

246 

2 74 

2 52 

248 

25 -i 

2 3k 

264 

212 

2 70 

187 

2 76 

177 

2r>2 

2HH 

la 

W. 

116 

90 

U) 

Unit  Hydrograph 

deve loped 

306 

80 

from  gage  records 

312 

71 

(2) 

318 

61 

Unit  Hydrograph 
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324 

48 

synthet ica 1 lv 

330 

32 

336 

0 

O) 

Unit  Hvdro graph 

developed  from 

342 

araal  relationship  with 

Zone  No.  3b 

Sheet  1 
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Poi  cage 

Or  and 

Grand 

Sand a tone 

Grand 

Grand 

K iver 

River 

River 

Creek 

K iver 

K iver 
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flow  data  were  available.  Six  of  the  unit.raphs  were  developed  by  a 
proport iona+e  di  je-area  re  I at i i hip.  i tgrapt  lata  1 i these 
subareas  are  presented  in  table  D-9.  I lood  iischai  ;■  ' I the  /ar ious 

subareas  are  detern i net  by  ipplying  the  e ti  rusted  rainfall  excess 
...  ..  • )ur  ng  i 6-1  n iur  ; i ■ 1 ■ the  irrei  f Jr  ictual  or 

jynthet  i t n t ft ji  . il  hydr  raph.  I s ' " s ' ■ J ' ■ i n f ; II 

excess  n int  ir<  e+ermi ned  by  met!  Is  iescri bed  in  paragraph  23, 

Correlation  of  i'.at  , t this  :pper.;i-. 


■ 


d.  ■ ’ ■ r : I •,  j i£  it  _Mji  Mj  h ■(  i j r i . iged  ai  . ■ 1 •:  ly 

capabilities  tor  unpaged  art-a  ire  reasonably  evaluated  l / a volume- 
f requency-dui  t ior  tna  1 ysi  f n il  tr  iml  . ta. 

ratioi  I n+h.e+f  tt  1 • I ..  for  ed  ar  i mp  1 1 shed 

by  relating  phys i ogr jph i ca I ai,  I climatic  orr.ponents  of  aiqed  areas 
to  these  components  ot  in  unyagod  area.  A method  has  been  developed 
that  describes,  evaluate  , md  rel  it<  the  e >mponents  such  that 

monthly  streamf lows  can  be  generated  for  an  ungaged  area, 
graphic  components  define  to  a degree  m area’s  groundwater  ir  : 
runoff  characteristics.  It  ; ns i dered  reasonab le  1 jme  thal 

the  monthly  climatic  conditions  that  produce  a tlow  that  is  exceeded 
any  given  percent  of  time,  except  extreme  percents,  it  one  location 
would  produce  another  flow  that  is  exceeded  the  same  given  percent 
of  time,  provided  the  locations  are  within  a reasonable  distance 
from  one  another.  The  actual  variation  in  the  flow  at  the  two 
locations  for  the  same  exceedence  frequency  is  an  indication  of  the 
difference  of  phys iograph i c conditions  between  the  areas.  It  is 
considered  reasonable  to  assume  that  for  an  area  of  uniform  physio- 
jraphic  characteristics,  th<  runoff  per  square  mile  of  drainage 
area  would  vary  depending  on  the  precipitation  distribution  over 
the  area.  When  these  factors  are  comt  ined,  they  provide  a proce- 
dure that  realizes  to  a degree  the  variation  in  the  climatic  and 
physiographic  characteristics  of  runoff  within  a basin.  Data  used 
in  this  method  are  recorded  monthly  streamf low  data,  and  coinciden- 
tal flow-frequency  relationship  for  the  stream  gages  and  the  ungaged 
area.  Flow-frequency  relationships  for  unqaged  areas  may  be  obtained 
by  direct  application  of  the  nearest  location  where  a flow-frequency 
relationship  has  been  developed,  or  they  may  be  estimated  by  a 
composite  analysis  of  several  flow-frequency  relationships  near  the 
ungaged  area.  Tests  performed  by  attempting  to  reproduce  recorded 
streamf low  data  indicated  that  this  procedure  provided  reasonable 
estimates  of  monthly  streamf lows.  Initial  storages  to  meet  given 
demands  for  ungaged  locations  are  estimated  from  application  of  the 


dO?  low  flow  characteristics  of  the  area  under  study  to  res i ona I i zed 
lata  i<  /el  pe  1 1 the  :i.  S . Geological  Survey  and  described  in  para- 
graph 14c.,  Derivition  of  flow-storage  relationships,  of  this 
appendix.  Generated  monthly  streamflows  :re  ana lyred  as  described 
in  p h i a ph  I4e.,  Re  t i ibi  li+y  ‘ reser\  it  , tc  ietenrn  ne  the 
water  supply  re  I i.it-i  I ities  and  cap-it  i I i f i • ■ s t Those  sites  son  i :ered 
f e.is  i b Ic. 
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SECTION  IV 
EVAPOTRANSP IRAT ION 


I 


17.  GENERAL 

Evapotransp i rat  ion  refers  to  water  lost  by  evaporation  from 
surface  waters  and  from  plant  life.  Water  loss  from  surface  waters 
is  referred  to  as  surf  ) e w iter  evaporation.  Water  loss  through 
evaporation  by  plant  life  is  referred  to  as  transpiration.  The 
primary  concern  with  evapotransp i rat i on  is  in  the  realm  of  water 
losses  from  reservoirs  and  streams.  The  design  and  operation  of 
reservoirs  must  allow  for  the  effects  of  evaporation  on  dependable 
minimurr  yields.  Methods  used  in  evaluating  these  losses  are  briefly 
described  in  the  following  paragraphs  (24). 

18.  SURFACE  WATER  EVAPORATION 

Monthly  pan  evaporation  losses  have  been  recorded  at  East  Lansing 
since  ir<4'<  by  the  U.  S.  Weather  Bureau.  This  is  the  only  station 
within  the  Grand  River  basin  where  evaporation  losses  are  recorded. 
Inspection  of  evaporation  losses  recorded  at  other  localities  in  the 
State  of  Michigan  indicates  that  the  pan  evaporation  rates  recorded 
at  East  Lansing  are  applicable  throughout  the  entire  basin.  Monthly 
iragi  .-.oration  rates  for  East  Lansing,  South  Haven,  Dearborn, 

I 1 k«  City  ind  Lupton  are  shown  in  plate  D-27.  The  U.  S.  Weather 
Bure-j j has  aove  loped  a method  of  computing  lake  evaporation  amounts 
from  pan  evaporation  amounts  (25).  Results  of  this  study  indicate 
that  lake  evaporation  amounts  are  about  76  percent  of  pan  evaporation 
amounts  within  the  Grand  River  basin.  This  factor  is  also  applicable 
to  streamwater  surfaces.  Pan  and  lake  evaporation  amounts  that  have 
been  recorded  and  computed,  respectively,  for  the  East  Lansing 
station  are  shown  on  table  D-IO.  The  maximum  recorded  pan  evapora- 
tion amount  of  30.63  inches  for  the  four-month  period  of  May  through 
August  occurred  in  1962.  The  normal  pan  evaporation  for  this  period 
is  27.41  inches. 
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TABLE  :>-10 


Tune  I y 6 7 


PAN'  AND  UK!  EVAPORA TION 


HAST  LANS  INC  HORTI  CULTURE  "A RM 


ANNUAL 


Pan  I.akc- 


Pan  Lake 
In.  In. 


Pan  Lake 
In . In . 


Pan  Lake 
In.  In. 


7. si  5.93  8 . bl  6.5*  7.99  6.07 

b.53  4 . 9o  7.75  5.89 


5.75  3.94 


.09  5.39 


d.79  5.16  6.71  6.o0  8.47  0.44 

5.0a  3.33  7 . 7o  5.90  8.25  6.27 

0.12  a . o 5 'j.bo  5.(  0 7.10  5.a0 


6.27  a . 7o 
5.69  a. 32 


7 7a  5.88  7 


6.77  5.  1- 


7.89  6.00  I 


7.12j  5.4! 
7. 7a  | 5.88  ! 


а.  11  6.09  6.62  5.03  6.o5  5.05 

б. 31  a. 79  8.1o  6.20 

4.o+  3.53  6.82  5.16  7.89  6.00 

0.63  5.04  6.90  5.2a  6.60  5.02 

o.90  5.24  7.21  5.48  6.96  5.29 

5.35  a. 07  n . 9 5 5.28  7.56  5. '’4 

o.i8  5.23  7.80  5.93  7.44  5.65 


. 39.79  30.24 
. . 3 3.  58  .7.04 
24  31 .97  24.22 
79  39.53  30.04 
79;  36.39  27.3 


33.3d  23.3 


38.55  29.3 

36.35  27.6 
33.61  25.5 
3b. 15  27. a 
35.03  26.6 
32.53  24.7 

32.25  24.5 

35.26  26.0 
33.28  25.3 

35.35  26.9 


Mean  6.31  4.79  7.32  3.  36  7.48  5.69  6.  30  +.74.'  . . bf  3.5- 


3a.  7-4  26.- 


' ^ +w ..  . 


I . INSPIRATION 


Nearly  99  percent  of  the  water  absorbed  by  a plant  is  di. charged 
i nt  fhi  itn  phere  tei  /apor.  The  amount  of  water  ibsortw  I 

in  : thus  the  amount  vaporized  d<  end  1 the  plant  haracteri  ti  , 

:ir  temperature,  sunshine,  wind,  topography  and  numerous  other 
factors.  T ransp i ra t i on  rates  experienced  at  one  location  may  not 

nearby  locale.  A procedure  to  determine  the  consumptive 
u e of  water  by  various  types  of  plant  life  has  been  developed  by 
H.  Hargreaves  (26).  The  determination  of  consumptive  needs  of 
plant  life  by  this  method  is  dependent  on  temperatures,  evaporation, 
humidity,  and  the  type  and  general  location  of  the  plant  growth. 

This  relationship  is  given  as: 

T = kd  (0.38  - 0.0038h)  (+-32)  - E 

where : 

T - Transpiration  loss  - inches 
k = Monthly  consumptive  use  coefficient 
d - Monthly  daytime  coefficient 

h - Mean  monthly  noon  relative  humidity  - percent 
t = Mean  monthly  temperature  - °T 
E - Lake  surface  water  evaporation  - inches 
As  temperatures  increase,  the  consumptive  needs  of  plant  life  increase. 
Inspection  of  maximum  recorded  temperatures  in  the  basin,  Table  C-7, 
p.  -28,  Appendix  C - Climate,  indicates  a fairly  uniform  recorded 
maximum  temperature  throughout  the  basin  with  the  exception  of  the 
far  west  section.  It  is  considered  reasonable  to  assume  that  a 
high  temperature  sequence  experienced  at  one  location  within  the 
basin  could  apply  throughout  the  basin.  Maximum  recorded  temperatures 
since  1949  at  Lansing  and  Grand  Rapids  for  the  3-month  period  of 
June  through  August,  when  consumptive  needs  of  plants  are  greatest, 
were  in  1955.  The  average  temperature  for  this  oeriod  was  73.2°F. 

The  normal  average  temperature  for  this  period  is  69.0°E. 

Average  monthly  temperatures  in  1955  for  Lansing  and  Grand  Rapids 
are  shown  on  table  D- I I . 
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Tab  I e D- 1 I 

1955  TEMPERATURES  AT  EAST  LANSING  AND  GRAND  RAPIDS 


EAST  LANSING 


24.6  26.6  34.3  54.5  61.0  (l)67.7  77.^  75.4  63.9  54.6  35.3  25./ 


GRAND  RAPIDS 

24.2  25.2  33.1  52.8  59.6  66.4  76.9  75.1  62.2  53.9  35.3  25.5 

(I)  Warmest  three-month  period  of  June  through  August  since  1949. 


Relative  humidity  records  avai lable  for  the  L insinu  and  Grand  Rapids 
are.r,  indicate  a fairly  uniform  relative  humidity  throughout  the 
5 dered  r<  nab le  1 i ime  that  the  month ly 
humidities  recorded  at  one  locale  within  the  basin 
could  apply  throughout  the  t i-.  in.  I he  average  monthly  noonday 
relative  humidities  in  1955  at  Grand  Rapids  are  presented  in  table 
D-  12. 

Table  D-12 
( I ) 


Mar. 


Ac 


1955  RELATIVE  HUMIDITY  AT  GRAND  RAPIDS 

' J . 1 , Au  . . . eo  ■ 1 ■ v . 


57 


57 


61  4b  48  48  53  45  49 

( I ) Averagi  : . i i re  I at  /e  humid ity. 

t i hum  id  tii  not  recorded  at  East  Lansing. 


nthly  consumptive  use  coefficients  for  various  plant  forms  are 
presented  in  table  D-13. 


Table  D-13 

MONTHLY  CONSUMPTIVE  USE  COEFFICIENTS  (27) 


Crop 

Mar  . 

Apr. 

May 

J une 

. . 

Aua . 

Sept 

Oct.  Nov. 

Hydrophytes 

- 

0.32 

1 .34 

1 .42 

1 .40 

1 .44 

0.51 

- 

Forage 

. 

0.81 

0.64 

0.77 

0.83 

0.76 

0.70 

0.44  0.41 

Trees 

0.  14 

0.45 

0.49 

0.74 

0.71 

0.55 

0.43 

0.36 

;nd  hvdro- 


Although  the  consumptive  use  of  water  by  trees,  f t 
byte  . :■ . each  month,  it  is  considered  practical  to  apply 
"\ix i mum  month  I v con , ump t i ve  rate  of  ei thei  the  hydr  phy te>  tree, 
or  forage  crops,  whichever  i • jreati  t.  Deci  iuc  .■  • • • ••  • ten 

typical  of  the  tre<  existing  in  the  basin  hive  been  •••  ■■  un 
extend  laterally  to  a distance  equal  to  the  depth  the  root  . Im- 
penetrates. Root  systems  of  these  plants  normally  reach  deptf 
from  3 to  5 feet.  It  is  noted  that  furrows  that  have  bee/ 
structed  for  irrigative  forage  crops  have  been  spaced  from  3 to 
4 feet  apart.  Hydrophyte  growths  in  the  Grand  River  basin  I ikes 
have  been  observed  in  water  depths  of  8 feet.  An  average  shore,  lien 
or  bank  development  could  be  estimated  by  the  proportionate  distribu- 
tion of  the  various  plant  growths.  The  high  pr  -.portion  of  organic 
sediment  promotes  this  type  of  growth.  The  location  of  the  basin 
in  the  middle  latitudes  results  in  a large  variation  in  hours  be- 
tween the  onset  of  evapotransp i rati  on  during  the  morning  and  its 
termination  in  the  evening  for  the  various  months.  Month ly  davtime 
coefficients  are  presented  in  table  D— 1 4 . 


Table  D- 1 4 

MONTHLY  DAYTIME  COEFFICIENTS  (27) 


North 
Lat i tude 
Degree 

J 

F 

M 

A 

M J 

J A 

$ 

0 

N 

40 

0.81 

0.81 

1 .00 

1 .08 

1 .20 

1 .21 

1.23  1. 

14  1.01 

0.93 

0.81 

45 

0.77 

0.79 

0.99 

1 .09 

1 ..’4 

1 .26 

1.27  1. 

17  1.01 

0.91 

. 

D 

0.78 

0.74 


jsed  : : - i . 1 • i 1 ■ I i , a ot  nshi  ' 

reductions  in  water  surface  stages  through  tran  pi  ration  I 

f imated.  re  I 1 h | / i d<  tin  f<  f 1 • • t 1 t • I . 

water  surface  drawdown  f ron  a somp  • ; t.-  pi  mt  growth  t‘>  :t  averages 

20  feet  in  widtli  f r any  given  water  urf  • ire : and  length  of  shore 
t i I i 1 1 i on  f t h i re I a t i onsh 1 f f the  r w : 1 1 1 

■ wtt  be  iccomp  I i shed  by  proportional  adju  hren+c.  i r--— 

I at  i onsh  ip  i ■ ;h..-»r,  f • s ir.:  -f  . 

20.  ( _ J r__  J _ 

In  idditiir  t re  ervoi r loss--  through  urf are  water  evepora- 

red.  he so  effect  ’ : 

reservoir  I ref  I f thi  mge  in  infiltration  during  pre- 

f ior  . rr  re-pr 

ditions,  considerable  « 1 I nf  I infi Itrate  th<  • nd. 

irii  t pr  j<  t litions  pr  ‘ ' ill  non<  f the  i inf  a If  in- 

rea . ■ t 

voir  wafer  r jnt  jual  1 that  t t thr  jgh  inti Itrat ton  :.ri'; 

...  - ■ ■ ; ' . Thi  fatal  ra inf 3 Jn t i f ifld  1 the 

j,  i • . • m ml  f post-pr  j t runoff  ren  iins  1 bi  nsidered 

i n f I ow  hy d i r . • . i n f : t t i on  percents  ha  v< 

.:  j ■ i i • ■ runoff  ar 

with  i n 1 in.  i lata  • howr 

t . i -r  . 

i mui  • 1 reci  p itat ion  for  fou per i od  of  May 

igust  wi  thin  the  has  i n occurred  in  I ~n.  A calculated 
iverage  of  7.03  inches  of  precipitation  occurred  during  this  peri 
• • • • ■ • ’ire  t asin.  The  norma  I average  pn  ipital 

is  12.65  inches.  Inspection  of  rainfall  r<  •• 

• i wafer  hed  within  the  : ■ I i ly  i : iated  wrtf  r in 
I j | • 1 • : • • • xtended  peri  1 f weel  . - 1 • 

i thi  ■ ' 1 i • /uniform, 

if  appears  reasonable  fo  assume  that  onput-'l  ever  . ;e  -enthly 
precipi  1 . 1 ‘ ar  /'I  . : t • - If  rr  .v<  r .1  t ••  * 1 r v it'. 


TABLE  D 1 5 


i 


POS'l  PROJECT  CONDITIONS 
RESERVOIR  LOSSES 


Station 

% Basin 
Contr  lied 

April 
i : hes 

Preci 

May 

.nclies 

pitaLion 
J une 
Li  ■ hes 

Alma 

6.3 

1.39 

2.07 

1.93 

Grand  Haven 

5.5 

2.  34 

1.61 

1.74  ! 

Grand  Rapids 

10.5 

2.07 

2.39 

2.66  ; 

Greenville 

13.5 

~ 

3.08 

3.20  j 

Charlotte 

7.5 

1.98 

4.10 

3.63 

Hastings 

7.8 

1.47 

4.02 

2.80 

Jackson 

10.  7 

2.33  | 

2.97 

3.24 

Lowell 

9.6 

2.08 

3.15 

2.58 

Owosso 

7.7 

2.10 

4.10 

3.77 

Lansing 

18.4 

1.97 

3.36 

2.79 

Big  Rapids 

2.5 

2.24 

2.06  | 

4.65 

Grand  Basin 

Avg. 

2.00 

13.04 

2.93 

% infiltration 

43 

i 62 

80 

Post  Project 

Gains 

0.86 

1.88 

2.34 

for  193C 

July 

Aug 

Sept 

Oct 

inches 

inches 

inches 

inches 

0.51 

0.74 

1.67 

1.81  j 

0.82 

0.43 

1.28 

2.37  i 

0.56 

0.40 

1.48 

2.27 

0.50 

0.49 

1.27 

2.34 

0.58 

0.22 

1.12 

1.45 

0.43 

0.54 

3.11 

0.96  j 

0.22 

0.56 

1.77 

1.24 

0.46 

0.60 

1.47 

1.98  1 

0.22 

2.20 

2.32 

1.62  ! 

0.50 

0.18 

1.42 

1.00  ! 

0.  73 

1.14 

2.19 

2.59 

0.48 

0.58 

1.65 

1.68 

87 

89 

90 

82 

0.42 

0.52 

1.48 

1.38 

1 


> 
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SECTION  V 
INFILTRATION 

?l  • n NF-Tv'A 

Inf  i l + r if  it  o i t' • i r-  orit  f ' .vnw  .’  : fl  *•  f w,:*er  through 

■ 1 • • i exp  n in 

f i ■ • • ■ ■ • ■ , 

wtli  *-h  r v 1. 1 1 >.  .•  I-  fr . jmmer  for  sandy- 

lo.«*  gr  ii*:  l >n0,  o'  rip  'y  dir  ini  • 1 i r +an+  rite-  of  about 
• • 1 ' ' • I i 

•'  U ‘ t . T f * , ^ ■ f 1 I ret 

by  f i . 

pore  size,  it  i ev  idet  • ••  • • • . effer  t leoend  on  the  degree 

i/egei  . , t,  the  natun 

• initial 

inf  i Itration  rat«  1 gi  1 . ■ • • tor 

rat(  n • fructure,  amount 

.....  . r , ot i 

ict  i v i ty , tei  , • . ■ , • . - 

: . ■ inf i Itrat ior  rate  for  the 

rar  1 ■ . 1 nche  per  t ■ r i no  tf  nant  inter 

1 . , . • ■ . ......  .04  t . i ■ ; • 

per  hour , depen  lit  nf luenci  ictors. 

■ ■ : : ! ■ I ate i i ng  a n d . ■ ■ < • 

month:,  the  i nf i i rate  risi  1 t <imum  just. 

/erage  for  tl  r (is.  • . ■ .... 

. 80  to  I . 40  inchi  hour  or  - . fudi 

describee  in  the  foil  •wine  par  ; jr  »p  • ( I). 

??.  DERI  ■ ' •'LSriON  OF  IMNLI-  [j 

I nf i I t rat i ■ fata  ir  ua  I ly  expri  i r i I tret  i • . . 

1 ' ‘ 1 l * 1 t ior  i • ■ i . • • • • ir<  f fir  ■ • n > 

storm  by  deterrr  i n ing  the  net  rai  • f inf i Itratior 

rate.  inf  fr  r , f i thet  thn  , an 


- I 


— 


■ • it  i ■ the  ini  t 1 j f i , ise  they 

rakt.  inf.  account  the  curvilinear  relationship  of  infiltration  with 
time.  It  is  more  common  to  use  infiltration  indice'  than  r use 

f rat  ioi  irves  for  mu  1 1 i p l<  mp  lex  dra  i nag<  . . nf  i I trat  i or 

largely  empi ri  nd  are  mpu correlatioi 

...  fa||  fata  ru  I f 1 . I raphs,  1 phys i I ■ i ter  t . rhey 
>x  i ty  • leri  vat  i or  lepending  r I ; ■ ml  I lei  ised 
: • 1 • rur  ft  p r • md  the  metl  i f rainf a 1 : ; jl . 

imp  I it  • • ■ 0 i ndex ; this  is  equal  to  the  inche  • rainf  per 
li r face  runof  i in  inches  per  hour.  I r I ud< ■ : the  0 index 

: . • i n forage  losses  .1  long  with  infiltrati  • jrring  jf ter 
• ■ ■ ess  rainfall.  The  0 index  may  be  simplified  further  by 
iding  interception  loss,  in  which  case  0 index  becomes  a st<  rm-lo! 
index.  The  storm-loss  index  rate  divides  the  gross-rainfall  hydr  jr  ipl 
into  two  part-,  net  rain  and  storm- loss. 

23.  METHOD  USED  FOR  GRAND  RIVER  BASIN 

For  the  Grand  River  basin,  the  storm-loss  index  method  wa  ed. 

A more  detailed  analysis  was  not  warranted  because  of  insufficient  d_-T  : 
available  to  determine  infiltration  capacities.  In  determining  the  storm- 
idex,  hydr  j raphs  from  30  ideal  storms  that  occurred  in  every  month 
but  fember  and  December  were  analyzed  for  several  sut-basi-s. 

57  hydrographs  analyzed,  the  resu l+i ng  data  from  only  30  hy  It  jrapl 
representing  25  different  storms  were  reliable  enough  to  be  used  for 
correlation.  The  procedure  was,  first,  to  determine  the  amount  of  direct 
surface  runoff,  second,  to  determine  the  representaf i ve  rainfall  for  that 
drainage  area,  and  third,  to  separate  the  gross-rai nfa I I hydrograph,  or 
hyetograph,  into  storm- loss  and  net  rain.  The  net  rain  is  equal  to  the 
direct  surface  runoff  and  does  not  include  subsurface,  groundwater,  or 
antecedent  storm  flow.  Subsurface  storm  flow  is  that  portion  which  flows 
part  of  the  distance  underground  near  the  surface  and  reaches  the  stream 
fairly  rapidly  without  ever  joining  the  main  ground  water  body.  In  addi- 
tion to  the  normal  data  associated  with  the  derivation  of  the  storm-loss 
index  it',  it  w3s  necessary  to  know  for  correlation  purposes,  the  week 
■ H : ttn  il  • .i-.  lure  conditions  at  the  time  of  each  storm. 


a,  Gener  >1.  V irious  methods  of  correlation  m r<  ittei  : I i jsir  ; 

■ i • f eren t >mbi  nati  ns  of  factors.  Th<  best  orrelatior  wa<  obtained  by 

using  multiple  linear  regression  by  correlating  the  log  of  the  storrr-loss 
index  rule  against  the  logs  of  the  weet  >f  th<  ler  iar  .•  ir  , th«  1 )t  Hi 
rai nfal I which  iri  luring  th  period  f <c<  iv  pn  ipitation, 
dura ! ■ es  i : . i I f ion,  nt<  lent  pn  i • .1  i-.-.  i • 

b . Basi  if  Jevi  J gn nt.  jri  ng  tl  ' r I . pri  ng  months, 

the  relationship  between  ;t<  rm-l  i : : • • - w<  I Hfferenl 

:haracter i sti  rve  whei  1 1 1 than  for  tl  i r ir  immei 

mon  ths . The  f i rsf  i i . - , i th<  forn 

luati  >n  log  y - j + b x with  a posi five  I • follows,  when 

is  the  storm  loss  index  and  x i ..  tn>  k. 


The  characteristic  curve  shown  on  figure  D-8  for  the  late  spring  and 
summer  months  is  best  expressed  by  the  equation  log  y = a + b log  x 
with  a positive  slope. 


x 

Storm-Loss  vs.  Week  Characteristic  Relationship 
Late  Spr ing-Sunmer  Period 


Figure  D-8 


For  this  rea  on,  the  iata  wen  separa+i  : into  the  two  periods,  and  two 
separate  relationships  were  developed.  No  relationship  was  developed  tor 
the  33rd  through  2nd  weeks  Decause  there  is  no  danger  of  floods  during 
thi  per  i 1 . Tab le  D- U I ; < . 1 . the  si  n ta  jsed  to  leveloj  th<  2nd  - 
20th  week  relation,  and  table  D- 1 7 lists  the  storm  data  for  the  21st  - 
32nd  week  relation.  The  data  for  the  1 0th  and  20th  week  of  May  were  used 
in  developing  both  re lat i onsh i ps . In  case  of  an  early  or  I at  - spring, 
the  actual  week  could  bo  decreased  or  increased  as  necessary  to  better 
i : • i ite  temperature  and  i i - omp lex  ond iti  ns  that  3 tual ly  < ■ : t. 
Correlation  with  the  total  precipitation  falling  during  the  period  of 
<ces  rainfall,  the  duration  of  excess  rainfall,  and  f h<  intecedenl 
precipitation  index  all  follow  the  same  basic  relationship  expressed 

i v ; log  x witt  i negative  slope,  as  shown  on 

figur  -9,  : the  storm- I ndex  rate  and  x is  one  of  the 

three  independent  fa  tors. 


Storm-Loss  vs.  Rainfall  Excess,  Duration,  and  Antecedent 
Precipitation  Index  Characteristic  Relationship 

Figure  D-9 


iwever , ' 1 rt  hi  f f i ienl  indl  ited  hi  f hhe  rela+i  i r p of 

lo  w i tl  . ■ ■ i tat  ion  i s pos i +i ve,  thaf  is,  th<  ••  n precipi  +a- 
• i ..n,  the  ’i  i jher  the  storm- 1 oss  rate.  This  seemingly  t i id  i tory 
r >.  litionship  i s explained  by  noting  that  the  greater  magnitude  storms 
were  usually  of  shorter  duration  which  resulted  in  the  higher  storm-loss 
rate.  This  indicates  that  the  greater  intensity  rainfail  is  less  of  a 
factor  than  the  decrease  in  duration  which  allows  less  time  for  the  soil 
to  approach  saturation.  It  is  significant  to  note  that  the  variation  in 
any  of  the  independent  variables  cannot  be  considered  without  realizing 
its  dependency  on  the  other  variables.  Thus,  it  is  only  correct  to  say 
that  an  increase  in  precipitation  would  normally  be  accompanied  by  an 
i ncrease  in  the  duration  of  that  precipitation,  and  thus  a possible 
decrease  in  the  storm- loss  rate. 

c.  Correlation  relationships.  Following  are  the  formulas  developed 
which  provided  the  most  satisfactory  results  determining  storm-loss  index 
rates : 

Cn-J  - j'Qth  Week 

Log  (100  L)  = .5298  + .0187  x W + .8843  log  ( | 00  P ) - .9235  log 

T - .5014  log  ( 100  API ) 
e 3 

2l->t  - '12nd  Week 

Log  (100  L)  = .9405  + 1.5180  log  W + .7406  log  (100  P ) - 1.0267 
log  - .3721  log  ( 100  API ) 

where  L = storm- I oss  index  rate 
W = week  of  year 

F = total  precipitation  during  excess  rainfall  period,  inches. 

G 

T = duration  of  excess  rainfall  in  hours 
e 

API  = antecedent  precipitation  index 
Tables  D— 1 6 and  D— 1 7 show  how  the  computed  values  compare  wiTh 
the  observed  values  for  the  two  periods.  The  derived  storm- I oss  index  rates 
are  assumed  representat i ve  throughout  the  Basin.  Most  of  the  Grand 
River  basin  is  covered  by  podzolic  soils  derived  mainly  from  glacial 
till  and  devoted  primarily  to  agriculture  (32/12).  It  was  assumed  that 
all  the  major  sub-basins  would  have  the  same  infiltration  characteristics 
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with  the  date  from  the  various  sub-basins  therefore  combined  for  the 
determination  of  the  storm-loss  index  rate  characteristics.  The  only 
exception  is  the  Rogue  River  which  drains  mostly  sandy  soils  located 
in  northern  Kent  County  and  beyond  (8).  This  zone  would  naturally  be 
expected  to  have  a higher  infiltration  rate,  and  this  is  borne  out  by 
the  results  of  the  storm-loss  analysis.  To  improve  the  correlation  for 
the  rest  of  the  Grand  River  basin,  data  from  the  Rogue  River  basin  were 
excluded.  The  method  for  determining  the  storm- loss  index  rate  for  the 
-iogue  River  basin  is  explained  in  footnote  I on  tables  D-16  and  D-17. 
when  applying  these  relationships,  it  is  important  that  the  same  method 
of  analysis  for  the  antecedent  precipitation  index,  precipitation  data, 
and  hydrographs  be  used  as  were  used  in  the  development  of  the 
derived  relationships. 
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SECTION  VI 

RIVLR  STAGE  AND  FLOOD  FORECASTING 

25.  TIATUS 

\ f I id  to  ecasting  service  on  the  Grand  River  is  main+ai  . : . 
the  G.  . Weather  Bureau.  By  observing  upstream  river  stages  as  well 
i lir  ' :l I md  snow  cover  on  the  Basin,  the  bureau  is  able 
to  predict  flood  peaks  '■  few  lays  in  advance.  The  U.S.  Weather  Bureau 
Station  at  Lansing  forecasts  river  stages  from  gages  located  at  Williamston 
insing  on  the  Red  Cedar  River  and  at  Eaton  Rapids,  Dimondale, 
Lansing,  and  ‘'rand  Ledge  on  the  Grand  River.  River  stages  downstream 
of  Grand  Ledge  are  forecasted  by  the  U.S.  Weather  bureau  Station  at 
Grand  Rapids  from  the  previously  cited  gages  in  addition  to  gages  at 
■ • ! md,  >ni  » and  Grand  Rapids  on  the  Grand  River.  Data  are  obtained 
from  daily  readings  which  in  turn  are  telephoned  to  the  Lansing  or  Grand 
Rapids  Station.  Flood  warnings  are  issued  over  radio  and  television, 
through  local  newspapers,  and  to  all  emergency  agencies  to  give  time 
for  evacuation  of  goods  and  personnel  and  to  prepare  for  disaster  opera- 
tions in  the  event  of  a serious  flood.  Periods  of  normal  and  low 
flows  are  not  forecasted. 

26.  FUTURE  REQUIREMENTS 

Recent  technical  advances  in  communication  and  recording  devices 
provide  instantaneous  readings  of  measured  phenomena  such  as  water 
surface  levels,  rainfall  amounts,  snow  amounts,  temperatures , and  dis- 
solved  oxygen  (D.O. ) content.  'These  devices  are  referred  to  as  Telemark 
gages.  Measured  quantities  are  transmitted  by  telephone  communication. 
Telemark  stream  gages  have  recently  been  installed  on  the  Red  Cedar 
River  at  Last  Lansing,  and  on  the  Grand  River  at  Lansing  and  Grand  Rapids. 
Inclusion  of  reservoir  sites  in  the  Basin  will  require  an  accurate  fore- 
casting system  and  a concise  reporting  network  for  the  efficient  and 
safe  operation  of  the  reservoirs.  Installation  of  rainfall,  temperature, 
and  snow  Telemark  gages  in  reservoir  headwater  areas  will  be  a valuable 
ait  in  the  efficient  operation  of  the  reservoirs.  Installation  of  D.O. 
Telemark  jar  . at  critical  downstream  locations  will  provide  valuable 
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assistance  in  determining  reservoir  releases  during  low  flow  periods. 

The  entire  network  of  Telemark  gages  and  weather  data  will  be  centralizer 
such  that  the  operation  of  the  reservoirs  will  be  efficient. 


noN  • 1 1 


I 


FLUVIAL  SEDIMENT  INVESTIGATIONS 
27.  FLUVIAL  ULb'IMLNT 

Sedimentation  of  reservoirs  in  fhe  Grand  River  Basin  was  studiea 
: t ! r ex I ting  reserv  ' to  pr  vide  Jesign  criteria  for  future 

tudyir  th<  iment  i tion  t 1 t I ■ jrreci 
<i sting  reserve i rs,  it  was  ipated  that  iimen+a+i 

future  r ervoirs  could  be  estimated  and  designs  modified  accordingly. 

All  the  significant  reservoirs  in  the  basin  were  observed  and  three  were 
found  that  approximated  the  conditions  found  throughout  the  Basin.  The 
reservoirs  studied  were  the  County  Farm  Reservoir  near  Greenville  in 
Ion  tea  , tt  la  sh  v i 1 1 it  it  Nashville  in  Bar  ry  n+y , 

ithville  Reservoir  near  Eaton  Rapids  in  Eaton  County.  These 
reservoirs  shown  on  Plate  0-28  were  surveyed  to  determine  the  nature, 
size,  composition,  amount,  and  source  of  the  sediment  found  in  the 
reservoirs.  Bottom  samples  were  taken  and  analyzed  to  determine  the 
f or  janic  material,  specific  gravity,  dry  weight,  arc  grair 
gradations.  Table  D— 1 8 is  a summary  chart  showing  the  basic  information 
obtained  from  the  field  surveys  of  three  of  the  existing  reservoirs  in 
the  Grand  River  Basin.  The  amount  of  storage  lost  ranged  from  15  percent 
in  trie  Smithville  Reservoir  to  45  percent  in  the  Nashville  Reservoir. 

Both  of  these  reservoirs  have  been  in  existence  a little  less  than  one 
hundred  years.  The  County  Farm  Reservoir  has  been  in  existence  about 
■ rty  years  and  it  has  had  a storage  loss  of  38  percent.  The  factors 
that  have  resulted  in  the  nearly  one  percent  annual  storage  loss  at  the 
County  Farm  Reservoir  are;  its  (35)  higher  trap  efficiency  and  the  dense 
vegetation  growth  in  the  reservoir  which  results  in  a large  amount  of 
organic  sediment.  The  average  depth  of  water  in  the  County  Farm  Reservoir 
is  7.5  feet  which  results  in  conditions  which  have  contributed  to  lush 
vegeta'  i on  growth  and  results  in  the  deposition  of  large  amounts  of 
organic  sediment.  Figure  D-IO  is  a graph  showing  the  relation  between 
depth  of  water  and  the  amount  of  organic  material  in  the  sediment.  Soil 
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TABLE 

0-18 

SUMMARY  OF  LATA  ON  i 

1ST  INC  RL  LEV 

OIF 

.ounty  Tarcj 

i 1 h j i 1 1 o 

Hash  / i 1 le 

Age  oi  Reservoir 

40  years 

91  years 

96  years 

Drainage  Area 

35  sq  . i . 

: . mi. 

200  sq . mi. 

Reservoir  Water  Surf.  An  i 

9.7  acres 

■1.'  icres 

r.r.  .6  v res 

Storage  Capaci ty 

a.  Original 

71.5  AF 

404.9  AF 

551.2  AF 

b.  Present 

44.1  AF 

3 34  . ■ A 

1 s AF 

O 

if  icity  per  mi.  of  drainage  area 

a.  Original 

2.04 

.71 

1 .76 

b.  Present 

1 . 26 

.54 

.96 

Total  Sedimentation 

27.4  AF 

70.0  AF 

158.6  AF 

Average  annual  accumulation 

a.  From  entire  drainage  area 

.69  AF 

.77  AF 

1 .65  AF 

b.  Per  square  mi |e  of  D.A . 

.02  AF 

.0012  AF 

.008:  AF 

Storage  Loss 

38.3? 

15.1? 

c; 

HJ.Z  JO 

Organic  sediment  by  percent 
Average  annual  accumulation  of 

28 . 8? 

-0* 

•ft  4 

15.7? 

organic  sed.  per  acre  of  reser- 

voi r surface  area 

.02 

.002 

.004 
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samples  were  taken  in  the  drairuje  areas  of  the  reservoirs  studied 
md  analyzed  to  determine  the  percent  rgan i iterial . As  i I lus- 
tra ted  i i 1 i : i ■ ■ - l 1 , ' ' 1 1 ep  tl  ot  water  e>  e i ghl  f e t , 

percentage  of  organ  i < material  sharply  :•  line*  .-.til  tfv  water  de;  tn 
exceeds  two  I \ to.  I ind  then  th  per..*  :.t  r * i >f  t t . • ■ be’’  • sediment 
: ry  low  ar  ipprox  fmat*  the  nt  f rgan ic  material  found 

ii  ■ ioi  ii  th*  reserv  i > frai  > ir 

fopsoi  I V ' two  . 

the, ref  ore,  ear  I v I I th*  rgan  i t ha  it;  i i n the  r 

i r ft  It.  eptt  . 1 ' • ■ ..  i r I 

J _ i , i v : " f I ■ n th.  imo _ • : • ,♦  . f i • : • ■ :■  wtf. . 

28. r *• 

imvnt  that  a rear  t rrry  i iependent 

many  factor  that  f ror  - tream  t mother, 

trearn  velocity  is  the  principal  factor  in  the  amount  of  suspends  and 
i i iment  that  a frearr  m transport.  ■ r . hange  i str 

•Is.  i i ; , • ■ j 1 1 i i . it  I owe r i ng  t h*  rat  f • 1 w ■ r u si  ;- 

f the  hi  I f : • 1 ' i ' An  i ncrea  rati  : : ' reasi 

frea  mpeter  I transport  iment , and  1 1 d r i It  i 
r I I z : . ■ - ■ b a nne  I r 1 ■ . r n t • i t t r ported 

bed  load  should  be  less  than  10  pen  nt  at  thi  * ta I s<  i iment  trans- 
rand  i ver  isi n.  Tl  t raphv 

. . . . 1 • it  it  event’y  r t f tf  I . i I for  >gr  i - 

jltural  . . II  ' thi  i ; . - i rel ati ve I i r istar 

iwever , er  f or  i ■ f I n I . to|  jraphv  r : ' I 

on  a 10  percent  si  would  normal  I y bo  2.5  times  that  on  a 5 percent 
slop-  . • 1 i :••■.! . tr  ' ; ir  jrbar  level  pment  t t : largi 

is  be  I r w i tl  . I 1 1 ■ I ■ r ■ t . r jetati  , I at  nti  1 f mate- 
ria I may  r ted  i r fh<  relatively  I rt  time  that  fhi  I i bare. 

ed iment  i f tlx  fri  r iff<  ' may  be  inert  - r r . tirr 

ind  the  incr  ■ 1 ■ m persist  for  /or it  year  before  the  mater ial 

is  tr-.*  i zr  tf  t hr  . — ' ■ th-  •-  ii  ■ i ./  ter. 
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29.  cLU  IMLNT  CONCLNTRATION 

There  has  been  very  little  work  done  on  determining  the  amount  of 
: : s<  ' i rr en I i n t 1 ■ t reams  of  the  rand  Ri vei  in.  The  niti 

[ | States  Geological  Survey  has  conducted  suspended  sediment  surveys  at 

various  locations,  but  they  have  not  sampled  continuously  at  any  station 
for  a sufficient  length  of  time  to  give  results  that  could  be  used  to 
predict  the  amount  of  sediment  carried  by  the  streams  in  the  Basin.  The 
suspended  sediment  study,  done  about  1958  in  the  Beer  and  Sloan  Basins 
(37)  which  are  located  in  the  Grand  River  Basin,  indicated  that  the 
. pendi  j sediment  concentration  averaged  about  300  p.p.m.  Based  on 
studies  conducted  in  similar  basins  elsewhere,  the  average  suspended 
sediment  concentration  in  the  Grand  River  Basin  would  be  about  300  to 
500  p.p.m.  As  sediment  concentration  and  load  can  vary  greatly  in  a 
strea:  from  day  to  day  and  from  storm  to  storm,  frequent  measurements 

over  a period  of  many  years  are  often  required  to  define  the  average 
annual  sediment  yield  from  a basin.  Records  of  only  a few  years  dura- 
tion can  be  useful  in  predicting  the  long-term  annual  sediment  yield. 

30.  NATURE. , SIZE  AND  SOURCE  OT  SEDIMENT 

The  predominate  soils  types  in  the  Basin  are  the  silty  sandy  loams, 
which  when  eroded,  result  in  silty  sediments.  From  fifteen  to  thirty 
percent  of  the  sediments  were  found  to  be  black  organic  silt  by  laboratory 
testing.  The  organic  sediments  result  from  vegetation  in  the  reservoir. 

The  shallow  reservoirs  in  the  basin  have  a great  deal  of  vegetation, 
which  causes  the  reservoirs  to  lose  some  of  their  recreation  value. 

Lush  aquatic  plant  growth  makes  boating  difficult  and  in  some  cases 
impossible.  Fishing  and  swimming  are  also  severely  impaired.  The 
vegetation  not  only  contributes  to  the  sediment  deposited,  but  also 
filters  the  suspended  sediment;  therefore,  the  trap  efficiency  of  the 
reservoir  is  increased.  The  vegetation  is  subject  to  annual  die  off 
and  the  decayed  matter  is  deposited  on  the  bottom  and  enriches  the 
sediment  already  deposited  to  further  encourage  plant  growth  and  the 
organic  sediment  tends  to  accumulate  at  an  ever  increasing  rate  through 
t i me . In  the  present  reservoirs  in  the  Basin,  the  water  flows  through 
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well  dot  i ned  channel  ...  These  channels  contain  the  looker  amo  .<  : , t 
sediment.  Even  after  construction  of  the  reservoir  impouf  imer  ' , ' 
flows  follow  the  natural  hannels  submerged  within  the  impoundments. 

Since  there  is  very  low  flow  outside  the  channels,  the  greatest  accumu- 
lation of  sediment  is  here.  The  areas  of  low  flow  in  the  reservoirs 
also  support  lush  vegetation  in  the  shallow  reservoirs.  The  propose: 
reservoirs  have  a much  larger  surface  area  than  the  existing  reservoirs 
of  the  Basin;  therefore  the  proposed  reservoirs  would  trap  nor-  organic 
sediment.  The  proposed  reservoirs  would  also  have  a trap  effi  ien  / 
of  nearly  100  percent  which  is  much  greater  than  the  trap  efficiency 
of  the  existing  reservoirs.  Nearly  all  the  suspended  sediment  carried 
into  the  proposed  reservoirs  would  be  trapped  in  the  reservoir  jug  to 
higher  trap  efficiency.  By  using  the  soil  erosion  rates  that  have  been 
developed  by  the  U.S.  Department  of  Agriculture,  the  amount  of  s<  dim* nt 
supplied  to  a particular  reservoir  can  be  rather  accurately  determined. 
Knowing  the  amount  of  sediment  entrained  and  the  trap  efficiency,  the 
k amount  of  sediment  deposited  can  be  accurately  determined. 

31.  SEDIMENT  ACCUMULATION 

The  sediment  that  accumulates  in  a reservoir  depends  on  several 
factors,  which  include  the  size,  shape  and  depth  of  water  in  the 
reservoir,  and  the  trap  efficiency  of  the  reservoir.  Using  the  ratio 
of  capacity  to  annual  inflow  of  the  reservoirs  studied  in  the  Grand 
River  Basin,  the  trap  efficiency  of  the  existing  reservoirs  is  less  than 
10  percent.  Organic  material  is  a major  part  of  the  sediment  in  the 
reservoirs.  Temperature,  sunlight,  size,  shape  and  slope  of  the 
, reservoir  basin,  good  water  quality,  clarity,  nutrients  and  dissolved 

oxygen  influence  vegetation  growth  in  reservoirs.  The  water  around 
the  edges  of  the  reservoirs  should  be  as  deep  as  possible  to  minimize 
the  amount  of  aquatic  growth  in  these  areas.  The  banks  of  the  reservoi rs 
should  also  be  as  steep  as  stability  and  erosion  character i sties  of  the 
banks  permit.  Figure  D- 1 I shows  the  relationship  between  the  percent 
of  organic  sediment  and  the  depth  of  water,  and  the  reduction  of 
rgani  sediment  with  increasing  water  depth.  The  sediment  where  the 

w 
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ten  feet,  fhe  organic  sediment  is  usually  much  less.  Unless  the  present 
trend  of  enriching  stream  water  is  reversed,  organic  sedimentation  at 

erv  .-.ill  increase.  Therefore,  reduction  of  stream  pollu- 

tion, particularly  the  amount  of  nitrogen  and  phosphorus,  will  also 
reduce  aquatic  growth  and  organic  sedimentation.  Studies  have  deter- 
mined that  the  annua  I per  capita  contribution  of  domestic  sewage  is 
4.1  pounds  of  nitrogen  and  l.l  pounds  of  soluble  phosphorus.  According 
to  Sawyer*  (34),  the  annual  per  capita  contribution  may  supply  sufficient 
nitrogen  to  fertilize  one  acre  of  lake  water  to  a depth  of  five  feet 
and  sufficient  soluble  phosphorus  to  fertilize  seven  acres  of  lake  water 
to  a depth  of  five  feet  to  such  an  extent  that  nuisance  algal  blooms 
may  occur  during  the  summer  months. 

33.  ,ULlT  EROS  I ON 

sheet  erosion  is  the  loss  of  soil  materials  from  the  general  land 
by  the  action  of  unrestricted  and  unchannelized  runoff.  Aina 
erosion  is  a .pecial  form  of  sheet  erosion — the  mechanics  of  the  eroding 
action  being  different,  but  the  net  effect  the  same.  Sheet  erosion  is 
a. cer  )ua ted  where  the  natural  landscape  has  been  altered  by  the  activi- 
ties of  man.  These  alterations  leave  the  land  more  vulnerable  to  the 
w<  ithering  processes,  and  greater  soil  losses  occur.  There  are  a large 
number  of  variables  that  influence  the  rates  of  soil  loss  by  sheet 
■t  .ion.  These  variables  are  involved  with  the  basic  morphology  of  the 
various  soils,  the  relief  of  the  land,  the  degree  of  surface  cover  pro- 
, and  land  management,  such  as  tillage  practices.  Soil  loss 
estimation  has  been  put  on  a quantitative  basis  by  analyses  of  plot 
data  from  research  stations.  G.  W.  Musgrave  (38)  and  associates,  developed 
the  soil-decline  equation  which  is  expressed  by  the  following  relationship: 

E = FRS  1 • 35  L 0.35  p L75 

*Ref ereno 

Sawyer,  C.  N.,  "Fer+i I i zat ion  of  Lakes  by  Agricultural  and  Urban  Drain- 
age", Jour.  N.  Eng.  Water  Works  Assn.  (1944) 
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where  E = sheet  erosion,  tons/year 

F = soil  factor,  basic  erosion  rate  in  tons/year  for  each 
soil  unit 

R = cover  factor 

S = land  slope  in  percent 

L = length  of  land  slope  in  feet 

P = maximum  30-minute,  2-year,  frequency  rainfall,  in  inches 
Another  system,  which  is  widely  used  in  the  north  central  states,  is 
the  Universal  Soil  Loss  Estimation  Equation.  (39) 

A = RKLSCP 

where  A = average  annual  soil  loss  in  tons/acre 
= the  ra i n fa  I I -erosion  index 
K basic  soi I factor 
L = length  of  slope  factor 
S = steepness  of  slope  factor 
C = cropp i ng-management  factor 
P = erosion  control  practice  factor 
The  Musgrave  equation,  also  known  as  the  Northeastern  States  equation, 
ieveloped  al  ut  25  y < irs  ago.  Another  system,  known  as  the  Cornbelt 
jtates  method,  evolved  at  about  the  same  time.  The  Universal  Soil  Loss 
equation  has  been  developed  within  the  past  10  years  and  it  retains 
some  of  the  features  of  the  Musgrave  and  Cornbelt  equations.  Two 
developments  of  the  l.S.  Runoff  and  Soil  Loss  Data  Laboratory,  Lafayette, 
Indiana,  contributed  largely  to  the  major  improvements  in  soil  loss  pre- 
diction. They  were  the  development  of  the  rainfall  erosion  index  and  a 
method  of  evaluating  the  cropping-management  factor.  Tables  D— 1 9 and 
D-20  show  comparable  soil  loss  values  in  tons/acre/year  computed  by  using 
the  Universal  Soil  Loss  equation.  The  values  are  for  Miami  silt  loam  in 
central  Michigan  with  slope  lengths  that  average  200  feet.  Table  D— 1 9 
values  are  *or  an  average  level  of  management  with  no  mechanical  practices. 
Table  D-20  value:,  are  for  an  average  level  of  management  with  contour 
farmi ng. 
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TABLE  D-19 


Tons  3oi  I Loss/Acre/Year  So  '-V-cli  j:  i -I  ■ r * i 


S lope 

Rotat i on 

2 

6 

10 

14 

! . 

Conti nuous  Corn 

5.6 

17.2 

61  .0 

2 . 

2 year  corn  - 1 year 
grain  - 2 year  meadow 

sma  1 1 

1 .7 

5.2 

10.7 

18.3 

3. 

Corn  - small  grain  - 

meadow 

1 .2 

3.8 

7.9 

13.4 

4. 

Corn  - sma 1 1 gra i n - 
meadow 

4 year 

0.7 

2.  1 

4.3 

7.3 

5. 

Sma 1 1 gra i n - 4 year 

meadow 

0.2 

0.7 

1 .4 

2.4 

TABLE  D-20 

ons  Boi I Loss/Acre/Year  With  Contour i ng 

Slope  % 


Rotation 

2 

6 

10 

14 

( . 

Continuous  Corn 

5.4 

8.6 

22.0 

48.8 

2. 

2 year  corn  - 1 year 

sma  1 1 

grain  - 2 year  meadow 

1 .0 

2.6 

6.4 

14.7 

3. 

Corn  - sma 1 1 gra i n - 

meadow 

0.7 

1 .9 

4.7 

10.7 

4. 

Corn  - sma 1 1 grai n - 
meadow 

4 year 

0.4 

1 .0 

2.6 

5.9 

5. 

Sma 1 1 gra i n - 4 year 

meadow 

0.  1 

0.3 

0.9 

2.0 
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Examination  of  the  data  on  Tables  . - I(*  in:  ) illicir  .-te  tht 

about  soil  loss  from  sheet  erosion:  (I)  _oi  ! loss  it  roes-  -it* 

increasing  slope,  other  factors  remait  ; the  same,  il 

decreases  with  less  intense  ropping,  hanical  pr 

reduc<  i I loss . I ncreased  soil  inf i Itratioi  i n »b i I i 
soil  i : lo  I rten i ng  of  s loj  lengtl  . • ■ Miami, 

associated  soils  in  the  Grand  River  l as  f r or  tri!  jt  j lar  :• 
of  the  soi  I lost  through  sheet  erosion.  The  • i Is  h ;ve  j t i at  r 
' i er  : i . i l i ty  factor  than  the  very  indy  i I tyj 

more  loping  thai  th<  il  lair  51  I . 1 ■ I op<  in  n 

3 w i tl  f a i r I y i n te r . 1 I ' . i t : - . : iff  juant  i tat  i v< 

■ ■ ■ : heet  er  ion  have  not  beer  J I foi  fh< 

or  it  jb-basi ns.  i I I < f r r heet  er  i 

luring  the  history  of  cultivation  in  centr  ichigan.  rent  I y, 
losses  range  from  over  50  tons  per  acre  per  year  on  isolated  fki 
1 few  tentl  f tor  ..  1 1 rr  ■ }<  I ti vat  land, 

soi I loss  of  3 or  4 tons  per  acre  per  year  i not  at 
estimate  for  the  ru  1 1 i vat<  I land  in  the  Grana  ••  i . ■ • ;s  i r, . 
of  gro  er  n i I i ement  i predi cti ng  sedir 

at  downstream  point*  when  knowledgr  : sndfn+.nt  : a I i . r r ;t  i 
known.  Computation  ;ysten  for  I f er  ion, 

are  avai  lab  I t n : I • fir  jr  • ion. 

34.  CHANNEL  LROSI  ’J 

Channel  erosion  refers  to  two  types  of  erosion  situate  is. 
type  is  the  extension  and  lateral  growth  ot  an  upland  channel  -- 
common ly  cal  led  a gully.  1 ' ther  fypi  ■ latera I er  l 

collapse  of  the  sides  of  the  larger,  lowlan.  nannels,  which 
ways  or  are  used  for  Jrai nage.  Th<  *tent  i magni tud  f thr 

ituatior  • 1 n ar  nted  hr  re  separately, 

gully  formation  begins  as  the  result  of  prolonged  periods  of  eve* 
sheet  erosion.  Land  in  central  Michigan  had  a layer  -f  topsoil  w!  . 
had  the  ability  to  absorb  much  of  the  rainfall  and  to  impede  re  • 
Prolonged  cultivation  leplctod  the  effectiveness  f thi:  fops  il 


...  . y ei  ■ 

: act)  succeeding  heavy  rain  created  more  and  more  ri  I Is  on  the  sloping 
fields.  Tillage  operations  would  obliterate  the  rills  but  a continuing 
, . ....  • • he  tendency  towat  hannel  f low 

increased  as  runoff  increased.  The  actual  development  of  gully  systems 
resulted  from  the  migration  of  knickpoints  up  the  channel  systems,  the 
'•ode  of  formation  of  knickpoints  and  the  control  of  their  migrate  n up 
channel  systems  is  a complex  process.  The  uplands  within  the  Grand 
i n went  thr  jgt  "eye !e"  I il ly  formation;  t - 1 

was  very  extensive  on  the  slopes  and  in  the  upland  dr  sinageways.  Much 
of  the  scar  from  this  channel  erosion  f as  in  subsequent  years  been 

thed  by  jra  establishment.  The  gully  scars 

are  -’ill  in  evidence  in  many  areas.  Quantitative  estimates  of  tne 
amount  of  soil  loss  that  results  fror  upland  channel  erosion  have  not 
been  made.  Many  acres  have  been  damaged  by  chanr  • ion;  *r.e  channels  tend 

to  accelerate  the  removal  of  runoff  water  laden  with  soil  from  the  surrounding 

slopes.  A recent  guide  (40)  has  been  issued  which  may  be  used  to  evaluate 

the  rate  of  headward  advance  cf  individual  gully  heads.  Channel 
erosion  in  the  lowland  channels  occurs  as  lateral  cutting  of  the  banks 
by  erosion,  undermining  and  collapse,  and  sometimes  deepening  of  the 
hannel.  The  prob I em  exi sts  along  various  reaches  of  channel  within 
the  Basin  where  stream  bank  cutting  occurs.  The  problem  has  been  noted 
irti  . iy  j|ong  channels  lying  within  sandy  outwash  areas.  Examples 
of  this  are  reaches  of  the  Upper  Maple  River  and  along  Buck  Creek  in 
font  county.  Th<  problem  exists  to  some  degree  where  new  drainage 

channel  Jug.  The  allowable  tractive  force  procedure  is  a method 

svailable  to  analyze  allowable  velocities  for  various  channel  "aterials. 


where  T ■ 
S = 


T = WDS 

2 

tractive  force  in  Ibs/ft 

2 

unit  wi  ; • •'  water  (62.4  Ibs/ft  ) 

depth  of  water,  feet 
lope  of  energy  gradient  in  ft/ft 
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Curves  have  been  developed  relating  the  ill'.-.  .1- 


types  of  channel  rate-  i a I • . I-  e . ir 

7b 

coarse  nc nc  hes I v(  channel  material  . 

' k ■ • : hes  i v< 

is  used  with  the  cohesive  hannel  mat-rut  Is. 

35.  ct.  ! r;r  Y I E Li 

Sediment  yield  is  defined  as  the  tc-tel  sec'- 
‘ ■ 1 ie  I i vered  1 given  point  in  a d 

and  all  tor's  of  charnel  erosion  f urn  i • . r re  dime'  • rt.  : 

jspended  liment  or  a f.  The  rat 

»nd  sediment  y ie I d i the  ■ i - • • 1 i very  rat i . 

measur  • ti mat  by  f ferent  mef  , 

' I ■ irch  d lot  f rom  wh ich  runoff  nd  sedir 

isely . Is.  next  re  . o.  ;•  exnerimer.  ’ I 

ntat i • I the  vari 

rel iab I information  for  tf  irai nag  . t • : ■ 


sediment  yield  ar  jene rally  needed  Jrair 

,'e.:  ' : • : • i : . l ie.  • . i 

us ing  in  format i of  i labi  f i nearby  sour  , • 


i mi  I ar  phys ioaraph i c and  i i ma+i  ji  t i r . 
the  o raj  i irea  i ntd  wh i ch  a gi ven  set  of  n 

transported.  ired  sediment  y that 

sediment  yields  in  the  5rand  ;:i\er  Basin  is  very  isl 

iVita  published  trorr,  a study  (43)  of  the  Deer  r . ► , ' ' aqe 

of  the  Red  Ced  :r  River,  have  been  used  in  study  in 

in.  rhe  fata  include  readings  of  the  suspended  ntr  ti  r 

in  the  runoff  : fr-r  >+  various  rates  of  flow.  '•  • t 

point  wher  t irai r rea  i 6.3 
Dasir.  lies  wifhin  fypical  mid-Michigan  rollino 

contains  largely  Miami  and  associated  soi I type  aftered 

areas  of  the  sandy  soil  tyres.  A linear  regressi  ting 


dir  • yield  in  ‘ops  per  hour  (Y)  to  the  1 i * 
mputed  . ■ , 
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FIGURE  q-13- SEDIMENT  YIELD  - DRAINAGE  AREA 
EXTRAPOLATED  FROM  DEER  CREEK  BASIN  1DATA 
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An  analysis  of  hydrologic  data  for  the  Deer  Creek  Basin  indicates  an 
average  discharge  of  3.6  cubic  feet  per  second  = .22  cfsm.  This  value 
used  in  the  relationship  Y = 0.05X  yields  a Y value  of  0.18  tons/hour, 
or  1,570  tons  per  year.  This  is  the  computed  mean  sediment  yield  from 
the  16.3  square  mile  drainage  area  in  the  Deer  Creek  Basin.  Existing 
studies  indicate  that  sediment  yields  vary  roughly  to  the  0.8  power 
of  the  watershed  drainage  area.  This  approximation,  if  used  to  extra- 
polate the  data  from  the  16.3  square  mile  Deer  Creek  Basin,  yields 
the  relationship  shown  graphically  in  Figure  D-13.  The  sediment 
delivery  ratio  is  the  percent  of  the  total  gross  erosion  within  a 
watershed  that  is  delivered  to  a given  downstream  point.  It  follows 
that  the  sediment  delivery  ratios,  assuming  reasonably  uniform  geologic 
conditions,  also  are  related  by  the  0.8  power  of  the  drainage  area. 
Estimates  of  sediment  yield  may  be  made  using  the  sediment  delivery 
ratio  and  computations  of  gross  erosion  provided  that  check  points  of 
sediment  yield  are  available.  Some  measured  quantitative  data  must 
be  available  that  reliably  reflect  the  level  of  sediment  yield  for 
the  area  in  question  and  to  which  the  computations  may  be  tied. 

I J 36.  TRAP  EFFICIENCY 

Sediment  yield  is  a total  quantity  figure  of  the  amount  of 
E sediment  that  is  deposited  at  or  passes  a given  point  in  a drainage 

i system.  Estimates  of  capacity  loss  from  sediment  accumulation  in 

planned  water  impoundments  are  needed  to  determine  design  criteria. 

The  efficiency  of  the  trapping  effect  of  an  impoundment  is  a function 
of  type  and  size.  Figure  D- 1 4 (44)  shows  curves  that  may  be  used  to 
, estimate  the  trap  efficiency  of  a reservoir.  These  curves  relate  the 

percent  of  the  total  sediment  yield  at  the  reservoir  site  that  will 
be  trapped  in  the  reservoir  to  the  capacity-inflow  ratio  of  the 
reservoir.  The  capaci ty-i nf low  ratio  is  the  ratio  between  the  capa- 
city of  the  reservoir  in  acre  feet  and  the  total  inflow  into  the  reser- 
voir in  acre  feet.  Reconnaissance  reservoir  sedimentation  surveys 
were  made  on  three  small  reservoirs  within  the  Basin.  Table  D— 2 1 
summarizes  the  data  obtained  from  these  surveys.  Consider  the  Elsie  Pond 
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TABLE  D-2 I 


Reservo i r 

Age 

D.  A . 

Orig  Cap. 

Acc.  Sed. 

Inflow 

C/I 

(yrs) 

? 

(mi') 

(ac.  ft.) 

(ac.  f t. ) 

(ac.  ft/yr) 

Elsie 

1 00* 

192 

Ill 

59 

71,500 

0.0016 

Rockford 

* 

O 

O 

225  • 

89 

45 

84,000 

0.001 1 

Carson 

City 

100* 

123 

99 

29 

46,000 

0.0022 

*Actual  age 

i s not 

known 

- estimated 

in  reference  to  its  C/ I ratio  and  trap  efficiency.  Sediment  yields 
shown  in  Figure  D-13  should  be  representative  for  the  type  of  physiography 
in  the  drainage  area  above  the  Elsie  Pond.  Figure  D-13  shows  that  the 
average  sediment  yield  for  a 192  square  mile  drainage  area  would  be 
about  12,000  tons  per  year.  Table  D— 2 1 shows  that  the  Elsie  Pond  has 
59  acre  feet  of  sediment  accumulation.  The  sediment  in  the  pond  prob- 
ably weighs  about  1,300  tons  per  acre  foot;  total  weight  of  59  acre 
feet  is  76,700  tons.  The  trap  efficiency  is  76,700/1,200,000  x 100  or 
about  6 1.  This  value  lies  in  the  vicinity,  on  Figure  D— 1 4 , where  a reser- 
voir with  a very  small  C/ I ratio  (about  0.002)  should  be.  This 
i 1 1 ustrates  the  low  trap  efficiency  of  small  reservoirs  with  large 
drainage  areas.  Most  reservoirs  constructed  under  the  P.L.  566  Small 
Watershed  Protection  Program  have  much  higher  C/I  ratios,  perhaps  in 
the  range  0.03  to  0.07.  Studies  and  experience  indicate  the  trap 
efficiencies  of  these  reservoirs  range  from  70  to  95  percent. 

37.  CHANNEL  STABILITY 

The  condition  of  stream  beds  with  reference  to  their  stability 
has  been  observed  extensively  in  the  Grand  River  Basin.  Sand  bottom 
channels  and  sandy  bed  load  materials  are  very  common  within  the  Basin. 
Unstable  stream  channels,  either  aggrading  or  degrading,  are  not  char- 
acteristic of  the  channels  as  they  exist  today.  Stream  beds  have  become 
adjusted  to  the  present  grade  and  hydrology  of  the  system.  A potential 
problem  should  be  recognized,  however,  when  structural  works  are  con- 
sidered. Changed  hydrology  and  hydraulic  gradients  commonly  induce 
channel  bed  changes.  Channels  wi II  degrade  and  undermine  road  bridges 
or  other  works.  They  will  fill  and  adversely  affect  drainage  outlets, 
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or  they  will  often  move  large  volumes  of  materials  into  undesirable 
locations.  Considerable  research  work  has  been  done  in  the  area  of 
stream  bed  stability  both  in  laboratory  and  field  studies.  Three  major 
bed  load  transport  formulas  have  emerged  by  which  the  intensity  of  a 
stability  problem,  existing  or  potential,  may  be  assessed.  The  Meyer- 
Peter  formula  is  adapted  to  gravel  and  coarse  sand  bed  load  materials. 
The  Schoklitsch  formula  is  adapted  to  medium  sand  to  fine  gravel,  and 
the  Haywood  formula  for  fine  to  medium  sand. 

The  Meyer-Peter  formula  is: 

GS  = (Aq  2/3  S - Bd  ) 3/2 

The  Schoklitsch  formula  is:  . , 

r 3/ 2 

GS  = A . (q-qc) 
d 


and  the  Haywood  is: 


2/T 

OS  = (q  S 


Ad  a/5)  3/2 


GS  = bed  load  transport  in  pounds  per  second  per  foot  of  average 
channel  width. 

A and  B are  constants 

S = hydraulic  gradient  in  feet  per  foot 

q - discharge  in  cfs  per  foot  of  channel  width 

qc  = critical  discharge,  discharge  in  cfs  at  which  bed  load 
starts  to  move 

d or  d = renresentati ve  diameters  of  bed  materials 
m 

38.  SEDIMENT  CONCENTRATION  AND  DAMAGES 

Rates  of  sediment  production  within  the  Grand  River  Basin  are  not 
of  the  intensity  of  those  of  many  other  areas  in  the  United  States.  The 
relief  of  the  landscape  under  present  hydrologic  conditions  is  in  near 
stable  adjustment.  This  inhibits  rapid  and  voluminous  sedimentation 
rates  and  quantities.  The  lower  magnitude  of  the  quantities,  however, 
does  not  alter  the  fact  that  the  existing  sediment  sources  and  the 
resultant  sediment  yields  constitute  a problem.  Problems  from  sediment 
are  very  often  equated  to  damages  to  productive  flood  plain  land,  to 
channel  filling  and  resulting  drainage  impairment,  and  to  the  rapid 


loss  of  water  storage  capacity  in  reservoirs.  Of  these  types  of  damages, 
reservoir  sedimentation  is  the  most  pronounced.  The  data  shown  in  Table 
D-- I indicate  this,  although  the  capacity  loss  figures  are  below  those 
of  other  areas  of  th<_  United  totes.  Sedimentation  datnaaes  in  the  Grand 
River  Basin  are  primarily  those  that  affect  water  quality  and  have  char- 
acferistics  more  like  those  of  a pollutant.  The  measured  data  on  sediment 
concentration  fnaf  is  available  for  the  Deer  Creek  Basin,  as  discussed 
in  the  section  on  sediment  yield,  is  the  only  quantitative  data  found 
for  use  in  analysis  of  sedimentation  rates.  U.S.  lepartment  of  Agricul- 
ture miscellaneous  publication  No.  964  (45)  and  the  Geological  Survey 
Water-Supply  Paper  1547  (46)  have  no  listings  either  of  reservoi r sedi- 
mentation surveys  or  suspended  load  measurements  for  the  Grand  River 
Basin.  Measurements  are  needed  in  the  basin  to  serve  both  as  check 
points  to  Tie  in  sediment  routing  analyses,  and  also  for  current  measure- 
ments of  sediment  concentration  in  various  segments  of  the  drainage 
system.  Much  of  the  sediment  in  the  drainage  system  is  carried  as 
suspended  sediment.  Bed  load  movement  is  significant  in  some  channels. 
Opaque,  murky  water  is  very  much  in  evidence  in  practically  all  channels 
during  prolonged  runoff  periods  both  from  rainfall  and  rapid  snowmelt. 
Colloidal  and  the  finer  grained  sediment  particles  persist  as  suspended 
sediment  in  the  "quiet  water"  long  after  peak  runoff  has  subsided.  The 
damaging  aspects  of  this  suspended  sediment  are  its  effects  on  fish  and 
wild  I it--  jnd  the  unsuitabil  ty  of  the  v.ater  tor  recreational  purpose.. 
Where  the  water  is  used  for  industrial  purposes  or  for  steam  power 
qeneration  filtering  is  necessary.  The  predominate  source  of  sediment 
in  the  Grand  River  Basin  appears  to  be  sheet  erosion  from:  farm 
lands  arid  from  urban  development.  Acceleration  or  the  long-term  program 
of  land  treatment  on  farm  land  as  well  as  the  stabilization  and  treat- 
ment of  sediment  sources  in  urban  areas,  and  in  some  cases  roadways, 
appears  to  be  the  most  feasible  means  of  controlling  and  reducing  the 
suspended  sediment  loads  in  the  Grand  River  Basin. 
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| SECTION  VIII- FLUVIAL  SEDIMENT  PROJECT  ANALYSIS 

39 ' expected  ACCUMULATION  OF  SEDIMENT 

The  expected  accumulation  of  sediment  in  the  proposed  reservoir 
sites  must  be  computed  on  an  individual  basis  due  to  the  many  factors 
which  must  be  taken  into  consideration.  The  local  conditions  should 
be  investigated  to  determine  whether  more  than  the  normal  amount  of 
sedimentation  is  to  be  expected.  The  effective  sediment  producing 
drainage  area  should  be  studied  to  determine  that  no  areas  of  exces- 
sive erosion  exist.  The  effective  sediment  producing  drainage  area 
can  only  be  determined  when  it  is  known  how  many  control  structures 
are  likely  to  be  built  on  the  stream.  Water  quality  in  the  stream 
should  be  investigated  to  determine  the  amount  of  suspended  sediment 
carried,  temperature,  and  a chemical  analysis  of  the  stream  water. 

The  above  factors  largely  determine  the  amount  of  sedimentation  that 
will  occur  in  a reservoir.  The  shape  of  the  reservoir  is  also  an 
important  factor  in  the  amount  of  organic  sediment  deposited.  Water 
areas  in  reservoirs  of  over  10  feet  in  depth  will  not  be  subject  to 
) significant  deposits  of  organic  sediments,  because  water  depth  over 

ten  feet  greatly  reduces  the  amount  of  sunlight  that  is  available  for 
plant  growth.  The  storage  loss  in  the  proposed  reservoirs  over  a 
period  of  approximately  100  years  could  be  as  small  as  15  percent  and 
as  large  as  45  percent,  but  must  be  determined  on  an  individual  basis. 
The  amount  of  detrital  sedimentation  is  not  great  when  the  rate  of 
erosion  has  been  stabilized.  The  erosion  that  does  take  place  in  a 
drainage  basin  is  not  significant  compared  to  the  capacity  of  the 
proposed  reservoirs,  and  therefore  it  is  doubtful  that  any  precautions 
are  necessary  to  minimize  the  amount  of  detrital  sediment  accumulating 
in  the  reservoirs  from  this  cause. 

40.  STORAGE  LOSSES 

Storage  losses  in  the  existing  reservoirs  due  to  sediment  accumu- 
lations have  been  due  mainly  to  fluvial  sedimentation  having  an  amount 
of  organic  sediment  ranging  from  15  to  30  percent.  The  shallow  reser- 
voirs studied  had  a great  deal  of  vegetation  growing  in  them.  The 


TABLE  D-22 

ESTIMATED  SEDIMENT  TRAPPED  IN  PROPOSED  RES 

ERV0IRS 

OVER  A PERIOD  OE  50 

YEARS 

Reservoir  Location 

Drai nage 
Area 

Est imated 
Sediment 
Trapped  over 
50-year  Period 

JAC,- 

;E0‘.  COMPLEX  (3) 

sq . mi . 

acre  feet 

7 

Onondaga,  Grand  River 

637 

6,510 

62S 

Sandstone,  Sandstone  Creek 

20 

89 

62M 

'•linarJ,  Sandstone  Creek 

87 

761 

RED 

CEDAR  COMPLEX  (3) 

57C 

0 ken, os , Red  Cedar  River 

295 

320 

58 

W i 1 1 i ars ton , Red  Cedar  River 

235 

1 ,340 

59 

Doan  l reek,  Doan  Creek 

42 

420 

1 6 

Ravenna  No.  2,  North  Branch 
Crockery  Creek 

45.5 

444 

I9A 

Rocktord  River,  Rogue  River 

197 

1,500 

zz 

Lab^rge,  Thornapple  River 

798 

"Dry  pool" 

25 

Duck  Creek,  Duck  Creek 

26 

287 

42 

Prairie  Creek,  Prairie  Creek 

100 

880 

47A 

Fish  C^eek,  Fish  Creek 

150 

1 ,220 

51 

Portland,  Lookingglass  River 

312 

2,200 

74 

Sand  Creek,  Sand  Creek 

41 

402 

109 

Bear  Creek,  Bear  Creek 

29.3 

287 

1 10 

Sleepy  Hollow,  Little  Maple  River 

1 1 . 1 

138 

144 

Columbia  Creek,  Columbia  Creek 

14.8 

176 

148 

Lookingglass,  Lookingglass  River 

15.2 

180 

149 

Grub  Creek,  Grub  Creek 

9.8 

130 

180 

No  Name  Creek,  No  Name  Creek 

9.  1 

122 

171 

Portage  River,  Portage  River 

30 

309 

taMMi 
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existing  vegetation  is  not  only  the  cause  ot  the  organic  sediment,  but 
it  also  has  greatly  reduced  the  storage  capacity  and  the  recreational 
area  of  the  reservoirs.  In  most  of  the  existing  reservoirs,  the  heavy 
vegetation  severely  hinders  travel  on  the  surface  of  the  reservoirs. 

Careful  analysis  of  the  proposed  reservoir  sites  will  provide  for  the 
design  and  necessary  maintenance  of  the  reservoirs  that  will  minimize 
the  growth  of  vegetation.  In  the  shallow  areas  of  the  proposed  reservoirs, 
it  may  be  necessary  to  cut  and  remove  the  vegetation  periodically  to 
prevent  it  from  contributing  organic  sediment  and  reducing  the  recrea- 
tional areas  of  the  proposed  reservoirs.  The  amount  of  fluvial  sediment 
should  also  be  studied  by  setting  up  stations  to  measure  suspended  sedi- 
ment concentrat i ons  for  an  extended  period  on  the  major  streams  on  the 
Grand  Ri ver  Basi n. 
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1.  U.S.  Army,  Corps  of  Engineers,  Grand  River  o.jsin  Data  uook,  b- I 
to  B-39,  LG’  . Army  Engineer  DJs+ri  f , Detroit,  (it  Date) 

Data  book  describes  the  physical  characteristics  of  the  Grand 
River  and  its  major  tributaries.  An  inventory  of  the  number  and 
size  of  lakes  within  the  Grand  River  basin  is  also  presented. 

2.  U.S.  Geological  Survey,  Water  Resourx-.-u  Data  for  u i ch  i a ri , U.S. 
Geological  Survey,  Lansing,  Michigan,  (1931  to  present) 

Annual  publication  of  surface  water  data  that  includes  average 
daily  flows,  mean  monthly  runoff,  instantaneous  peak  and  low  flows 
for  year  and  the  period  of  record. 

3.  U . 1 . Geological  Survey,  Compilation  ot  Recorus  of  Surface  Waters 

of  the  United  States  Through  .op  t L< -r  [950,  • logical  Survey  Water 

Supply  Paper  1307,  397  pp.,  u.S.  Government  Printing  Office,  Wash- 
i ngton , D.C . , (I  958) 

A compilation  of  streamflow  records  that  include  average 
monthly  and  annual  runoffs,  and  extreme  runoff  amounts  from  the 
period  of  record  through  September  1950. 

4.  U.S.  Geological  Survey,  Compilation  of  Records  of  Surface  Waters 
of  the  United  States,  October  1950  to  September  I960,  Geo  logical 
Survey  Water  Supply  Paper  1727,  379  pp . , U.S.  Government  Printing 
Office,  Washington,  D.  C.,  (1964) 

A compilation  of  streamflow  records  that  include  average 
monthly  and  annual  runoffs,  and  extreme  runoff  amounts  for  the 
10-year  period  of  October  1950  to  September  I960. 

5.  U.S.  Weather  Bureau,  Daily  Ri ver  Stages , . . Government  Printing 

Office,  Washington,  D.  C.,  ( 1 90 1 -Present) 

Data  includes  average  daily  river  stages,  and  miscellaneous 
data  such  as  gage  location,  elevation  of  gage  zero,  drainage  area, 
flood  stage,  highest  stages  for  year  and  period  of  record,  and 
highest  and  lowest  monthly  readings  with  dates  of  occurrence. 

6.  U.S.  Army,  Corps  of  Engineers,  Supplement  Flood  and  Natural  Emergency 
Operations  Manuals,  U.S.  Army  Engineer  District,  Detroit,  41  pp . , 
(February  1962) 

Handbook  describing  pertinent  stream  gage  station  data. 
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7.  Chow,  Von  Te,  i iundbock  of  Ap;  I it-  : , ;r  I • if  he  I 14,  " raw- 

Hi  I I Book  Company,  New  York,  N.Y.,  (19'  -';) 

The  entire  '-hapter  deals  with  all  aspects  of  runoff. 

8.  U,S.  Geologl  al  ui  /ey  - Apper  ii> - Ic  iy  _ r . . - Water, 

Grand  River  Basin  - Comprehensive  Water  •■'sources  Study,  8?  pp. , 

U.S.  Army  engineer  District,  letroit,  (1967) 

Provides  detaiie:  data  and  descriptions  of  the  rand  River. 

9.  U.S.  Army,  'or:>  of  i r ; inters,  - outing  of  Floo.’s  thro..  :f'  : ivf  r ;cnels, 

Eng i neer i ng  Manua I III 0-2- 1 4t  . ' ' pp . , U.  . ent  : r i r * i • : f f ice, 

Washington,  D.C.,  (March  I960) 

Technical  manual  that  describes  routing  pr  -j  fares. 

10.  U.S.  Army,  orps  f ineers,  w - - ir it i ng , 

Grand  ■ i ver  isi i I N . I , : pp . , . S.  Army  neer 

District,  Detroit,  (April  1967) 

Methods  and  procedures  o:  routing  streamflows  and  reservoir 
routings  are  described  in  def.'l  and  illustrated. 

11.  Morris,  Henry  M.  , Applied  -r/'raul'us  in  :.n  : i r.  . ■ i • : , p.  • - • *, 

Ronald  Press  Company,  New  i rk,  U.Y.,  (1963) 

Descriptions  and  classifications  of  hydraulic  structures  are 
prov i ded . 

1 2 . 3vi s,  i I vi n,  Ac  :•  > '■  of  App  I i_e :,y  :•  . .1  i ' . p . , raw-Hi  1 1 

book  Comp,  uy.  New  York,  N.Y.,  (1952) 

Description  of  valley  storage  is  provided. 

13.  U.S.  Army,  Corps  of  Engineers,  Append  i ■ - i i -■  it  e , 48  pp.,  rand 

River  Basin  Comprehensive  Water  Resources  Study,  U.S.  Army  Engineer 
District,  Detroit,  (1967) 

A detailed  description  of  the  Grand  River  basin's  climate  is 
prov i ded . 

14.  u.S.  Weather  Bureau,  Rainfall  Intensity  - Duration  - Frequency 
Curves , Technical  aper  No.  16,  53  pp.,  U.S.  overnment  Printing 
Office,  Washington,  D.  C.,  ( ecember  1955) 

This  paper  presents  rainfall  intensity-duration  curves  for  dura- 
tions of  5 minutes  to  24  hours,  and  return  | >f  2,  5,  10,  25, 

50  and  100  years  for  selected  stations  throughout  the  U.S. 
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Schwar  fz,  H.E  . , i e 1 or  m i ;.u  T i ui  : I u.  -.!  I ; _ i us  i ' a j;’‘,r 

Drainage  Basin,  INGG,  I ri+ernat  i oria  I association  of  Scientific 
! lyd ro logy , >enera  I • ;emb I ) i ■ i i , ep+<  bei  1957) 

Metho  ir<  presr  t ie+ermi  n<  f I f requ  . Hcs . 

Leek  i • I , k'or  . ! i , : ’.-a.:/  c 1 ■.  r ■ . I t j < ,n  An.;  I y i v , 1 ' Wi  I € f '■ 

Son,  531  pp.,  New  York,  (1941) 

Metl  en+ed  thal  etermi ne  frequency  statist i 

Bf  ■ t'  : , i . ; . , 5 t : 1 i 5 1 i .1  Me  ' js  in-  ivJro  I a : / , . . Army,  >rps  of 

Engineers,  ( I pp.,  Detroit  . i , i r i f,  (January  1962) 

Methods  are  presented  tiat  determine  .‘no  evaluate  frequency 
stat  i st  i cs . 

U.S.  Geological  Survey,  Low  Flow  iharjit-v  i . f i : • rand_Rj  ver 

and  its  Tributaries,  Water  Resources  Division,  ' pp.,  Lansing, 
Michigan,  (March  1965) 

Describes  results  of  low  flow  studies  made  by  ...  eologicaf 
Survey  for  the  Grand  River  Basin. 

U.S.  Army,  Corps  of  Engineers,  Detc-rrn  i n i ng  Store  :o  '■  ■-  jJ_rem<  nt  s 
in  the  Grand  River  ivjsin.  Grand  River  Basin  Technical  I a:  or  No.  • , 
U.S.  Army  Engineer  District,  Detroit,  (May  1967) 

Describes  and  illustrates  in  detail  methods  usee  to  determine 
storage  requirements  to  meet  a variety  of  needs  within  the  ‘.rand 
River  Basin. 

Stall,  John  B. , Reservoir  Mass  Analysis  by  a Low  Flow  Series,  Journal 
of  the  Sanitary  Engineering  Division,  pp.  21-40,  ASC-  , Vol . 88, 

No.  SA5,  Proc.  Paper  3283,  (September  1962) 

Describes  methods  of  evaluating  storage  requirements  to  meet 
water  needs. 

Snyder,  Franklin  F. , Computation  of  I,  rur  ! I ■■ ...  itions  - ' Ids 

of  Different  Dependability,  6 pp.,  U.S.  Army,  f Engineers, 

Washington,  D.C..  (9  May  1966) 

Describes  and  illustrates  method  of  evaluating  storage  require- 
ments of  a reservoir  for  different  reliabilities. 

U.S.  Army,  Corps  of  Engineers,  Discharges  for  Unpaged  Areas  Within 
the  Grand  River  Basin,  Grand  River  Basin  Technical  Paper  No.  2, 

15  pp.,  U.S.  Army  Engineer  District,  Detroit,  (April  1967) 

Methods  and  procedures  for  determining  flood  and  monthly  flows 
for  ungaged  areas  are  described  in  detail  and  illustrated. 
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23.  U.S.  Army,  Corps  of  Engineers,  Regional  Flood  Frequency  Study  - 
Grand  River  Drainage  Basin,  9 pp.,  U.S.  Army  Engineer  District, 
Detroit,  (February  1962) 

Describes  in  detail  statistical  analysis  of  flood  recor :s 
within  the  Grand  River  Basin. 

24.  U.S.  Army,  Corps  of  Engineers,  Estimating  Evapotransp i ration  Losses 
Within  the  Grand  River  Basin,  Grand  River  Basin  Technical  Report 
No.  3,  7 pp.,  U.S.  Army  Engineer  District,  Detroit,  (May  1967) 

Describes  in  detail  the  derivation  of  a method  of  evaluating 
evapotransp i ration  losses  for  use  in  Grand  River  Basin  studies. 

25.  U.S.  Weather  Bureau,  Evaporation  Maps  for  the  United  States,  Tech- 
nical Paper  No.  37,  plate  3,  U.S.  Government  Printing  Office, 
Washington,  D.C.,  (1959) 

Map  of  U.S.  indicating  relationship  between  lake  and  pari 
evaporation  rates. 

26.  Hargreaves,  G.H.,  Irrigation  Requirements  base,  on  ilifjtic  era, 
Irrigation  and  Drainage,  Proceedings  American  Society  of  i.i! 
Engineers,  Journal  Division,  pp.  I — 1 0 , Vol  . 82,  NQJR3,  (N  . •-•rr.btt r i ;56) 

Text  describes  a method  of  evaluating  transpiration  losses 
plant  life  based  on  climatic  data. 

27.  Criddle,  W.D.,  Methods  of  Computing  ■ onsumjatijv;  ■■  .f  r. 
Proceedings  American  Society  of  Civil  Engineers,  Journal  Division,, 
Irrigation  and  Drainage,  pp.  1-27,  Vol.  84,  No.  I R I , (January  1958) 

List  monthly  daytime  coefficients  for  various  latitudes  for 
application  in  determining  transp i rati  on  losses. 

28.  U.S.  Department  of  Agriculture,  Soil,  The  Yearbook  of  ” :r i il+ure, 

pp.  717-718,  U.S.  Government  Printing  Office,  Washington,  D.C.,  (1957) 

Text  describes  lateral  growth  of  various  tree  root  systems. 

29.  Michigan  Water  Resources  Commission,  Report  No.  2,  Deer-  loan  basin, 
Precipitation  Studies  1956-1959,  Hydrologic  Studies  of  Small  Water- 
sheds in  Agricultural  Areas  of  Southern  Michigan,  6 pp.,  Michigan 
Water  Resources  Commission,  Lansing,  Michigan,  (August  I960) 

Report  that  presents  data  collected  by  an  intensive  precipita- 
tion gage  network  for  a 25  square  mi le  area. 
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American  Society  of  Civil  Engineers,  Hydrology  Handbook,  Manuals 
of  Engineering  Practice  No.  28,  American  Society  of  Civil  Engineer  ,, 
New  York,  N.Y.,  (1949) 

Text  describes  the  infiltration  process. 

U.S.  Army,  Corps  of  Engineers,  Infiltration  Rates  Within  the  Grand 
River  Basin,  Grand  River  Technical  Paper  No.  5,  18  pp.,  U.S.  Army 
Engineer  District,  Detroit,  (May  1967) 

Describes  in  detail  infiltration  studies  made  by  the  Corps  of 
Eng i neers . 

Battel le  Memorial  Institute,  Structure  of  the  Economy  of  the  Grand 
River  Basin  Service  Area  and  Sub-Areas,  Battel le  Memorial  Institute, 
Columbus,  Ohio,  (2  April  1964) 

Describes  the  land  use  of  the  various  sub-areas  within  the 
Grand  River  Basin. 

Not  used. 

Mackenthun,  K.  M.,  A Review  of  Aigae,  Lake  Weeds  and  Nutrients, 
Journal  Water  Pollution  Control  Federation,  Vol.  34,  Jan-Dec.  1962 

Brune,  G.M.,  Trap  Efficiency  of  Reservoirs,  Trans.  American  Geo- 
physical Union,  V.  34-3 

Brown,  C.B.,  The  Control  of  Reservoir  Silting,  U.S.  Dept,  of 
Agriculture,  U.S.  Government  Printing  Office  1943 

State  of  Michigan,  Water  Resources  Commission,  Hydrologic  Studies 
of  Small  Watersheds  in  Agricultural  Areas  of  Southern  Michigan, 
Report  No.  I,  Deer-Sloan  Basin,  June  1958 

Musgrave,  G.W.,  The  Quantitative  Evaluation  ot  Fc  :tors  in  Water 
Erosion  - A First  Approximation.  Journal  of  Soil  and  Water  Conser- 
vation. Vol.  2,  Number  3,  July  1948. 

U.S.  Agricultural  Research  Service,  A Universal  Equation  for  Pre- 
dicting Ra i nf a I I -Eros i on  Losses.  ARS  Special  Report  ARS  22-66, 

March  1961 

U.S.  Department  of  Agriculture,  Soil  Conservation  Service,  Procedure 
for  Determining  Rates  of  Land  Damage,  Land  Depreciation  and  Volume 
of  Sediment  Produced  by  Gully  Erosion,  Technical  Release  No.  32, 

July  1966. 

Lane,  E.  W .,  Design  of  Stable  Channels.  Trans.  ASCE,  Vol.  120,  1955 
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42.  Dunn,  t.  S.,  Tractive  Resisfun.e  of  ohesive  Channels.  Jourrial 
of  Soil  Mechanics  and  Foundation  Division,  ASCf. , June  1959. 


43.  State  of  Michigan,  Water  Resources  Commission.  Hydrologic  Studies 
of  Small  Watersheds  in  Agricultural  Areas  of  - .u~*hern  Michigan, 
Report  No.  I,  Ueer-Sloan  Basin,  June  1958. 

44.  From  Brune,  »unnar  M.  Trap  Ft  f i .. i • ■ . , f Reservoirs,  r rai  . . J, 

Vol.  34,  No.  3,  June  1953.  p.  407-418. 

45.  Miscellaneous  publication  No.  964,  u.S.  Department  ■ f Agri  jltun  , 

Summary  of  ::  ■-■servo  ir  Sediment  Deposit  i r.  jrv<  ■ i-  r i T — a 

States  Through  I960.  (Interagency  Subcommittee  on  • -A  \ . 

May  1964. 

46.  Geological  Survey  Water-Supply  Paper  1547  - Inventory  of  1 ut.  I i shed 
and  Unpublished  Sediment  Load  Data,  U.  . ana  i uerto  Ri  ,1  >50-60; 
1962. 
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